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EMBRYOGENY IN THE LIMA BEAN 
CLARENCE STERLING 


Two previous papers (Sterling 1954, 1955) have described the ontogeny 
of seed coat, nucellus, and endosperm in lima bean (Phaseolus lunatus L.). 
To complete this series on seed development, the present study deals with 
various aspects of embryo growth and differentiation. 

Although virtually no attention has been devoted to the embryogeny of 
P. lunatus, certain phases of structure and development in the embryos of 
legumes have been intensively explored. Sequences of the early embryonic 
divisions have been worked out for various Leguminosae by Souéges (1927, 
1946, 1949, 1950), Serobichewsky (1885), Guignard (1881), Rau (1951), 
Cooper (1933), and others. Specific attention has been given to this stage in 
P. vulgaris by Brown (1917), Scrobichewsky (1885), Souéges (1950) and 
Weinstein (1926) and in P. multiforus by Guignard (1881). 

However, histogenesis during the later growth of the embryo is less well 
known in this family. Bordas (1932) has presented an account of this phase 
of embryo development in Cicer; Guignard (1881) briefly considered histo- 
genesis in various species of legumes ; Hegelmaier (1880) evaluated develop- 
ment in the lupine embryo from the standpoint of the histogen concept, as 
did Neumann (1939) in both Lwpinus and Mimosa; and Reeve (1948) has 
described late embryogeny in Pisum. Tiegs (1912) was concerned princi- 
pally with development of the root apical meristems in the embryos of Pisum 
and Vicia. No studies have been made on this stage in Phaseolus embryogeny. 

Anatomical studies of the mature embryo have been reported for many 
legumes, including Phaseolus. Besides the detailed histological accounts of 
various genera by Harz (1885) and, Pammel (1899), Beck (1878) has de- 
seribed carefully the embryo of Vicia, Bordas (1932) that of Cicer, Godfrin 
(1884) Arachis, Newman (1934) Acacia, and Schmidt (1902) various 
Loteae. In the genus Phaseolus, histological details have been given for P. 
vulgaris by Doutt (1932), Godfrin (1884), and Kater (1927), and for P. 
multiflorus by Sachs (1859). : 

Materials and methods. Details concerning the materials and the histo- 
logical techniques have been presented in the first paper of this series . Ster]- 
ing 1954). That paper also defines the specific terminology of planes and di- 
rections for the bean ovule. 

Proembryo development. Because of the great rapidity of events in 
early embryogeny, union of the male gamete with the egg nucleus was 
found in only one instance in the Evergreen beans and not at all in the 
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Henderson Bush variety. During the two days following fertilization, the 
zygote divides by a transverse’ wall to form two cells. The anterior (or basal) 
cell then divides in turn by a transverse wall while the posterior (or apical) 
cell may divide either by a transverse wall or one that is obliquely vertical. 
Thus four cells are formed in the young embryo while the endosperm is still 
free nuclear (ca. 16 nuclei) and parietal. 

Succeeding growth is extremely rapid. By the third day, the two basal 
cells have formed a suspensor four cells long and two cells wide. The suspen- 
sor is surmounted by a globular mass of 16-32 cells derived from the two 
apical cells. At the apex of this embryo there may be found occasionally a 
more or less tetrahedral apical cell. Within two more days, each of the sus- 
pensor cells again divides by a transverse wall, elongating greatly in the 
process. Simultaneously, the apical embryonic group grows to approximately 
64 cells by transverse divisions and divisions in the median and frontal 
planes (fig. 1). Some periclinal divisions oceur at the surface of the globular 
mass, but the general appearance suggests the organization of a protoderm. 
At this time, cell walls are formed about the embryo in the endosperm tissue. 

Cotyledon initiation. At about one week after fertilization, when the 
embryonic group of cells is approximately 250 » long (at the end of a sus- 
pensor which is about 300 » long and composed of eight superposed tiers of 
cells), cotyledons are initiated. Two cotyledon primordia are produced, one 
on each side of the median plane of the seed in the Henderson Bush variety’. 
Periclinal divisions in the protoderm layer and below attend this emergence, 


1 Actually somewhat at an angle to the transverse plane as defined in Sterling (1954), 
due to ovule curvature. 

2 However, a constant feature of the Evergreen embryo is the formation of the 
cotyledon primordia in a plane oblique to the median plane. No exceptions were found to 
this early orientation of the cotyledon plane, which often persists to maturity. 





Figs. 1-10. Suspensor toward bottom of page in all. All figures of Henderson Bush 
embryos except where indicated otherwise. - Fic. 1. Embryo at 4 days with establishment 
of protoderm. Note periclinal divisions in protoderm layer. Deep stain in suspensor cells 
is characteristic. x 200. Fig. 2. Late initiation of cotyledons in Evergreen embryo at 10 
days. (Section is in transverse plane of ovule.) Periclinal divisions occur in surface layer 
and underlying tissues at regions of cotyledon emergence. x 210. Fic. 3. Elongating coty- 
ledons of 8 day embryo in transverse plane of ovule. Procambial cells not yet distinet. 
X151. Fic. 4. Expansion of embryo in median plane is marked at 10 days. Differentia- 
tion of procambial cylinder has become apparent. x 151. Fic. 5. Embryonic cortex and 
pith are quite distinct in smaller 13 day embryo. Note gradual raising of apical region of 
embryo above hypocotyledonary body. Root apical meristem beginning to become active. 
x 122. Fie. 6. Buttresses of future foliar primordia becoming more noticeable, also in 
smaller 13 day embryo. x 122. Fie. 7. Emergence of foliar primordia at 13 days in 
larger embryo. Note beginning of formation of small apical dome between the two pri- 
mordia. X91. Fic. 8. Portion of cotyledon of same embryo as in figure 7, showing small 
procambial strands and absence of starch in the parenchyma cells. x91. Fig. 9. First 
obvious development of amyloplasts, with starch, in cotyledon of 17 day embryo. x 298. 
Fic. 10. Parenchyma cells in cotyledon of 25 day embryo, showing enlarged envelopes (at 
arrow) about growing starch grains. x 210. 
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which is preceded by the widening of the embryo in the frontal plane to 
form the cotyledonary buttresses (fig. 2). 

In the larger seeds at one week, the cotyledons are up to 50-60 » high, 
above their insertion region. The embryo apex remaining between the cotyle- 
dons is flattened in the median plane, quite narrow (5-15 » wide) in the 
transverse and frontal planes (fig. 3), and inactive in appearance. In the 
median plane, the embryo apex is broadly convex, extending the full width 
of the embryo (120-140 yn). 

Procambial differentiation. When the cotyledons are about 100-200 » 
high, there is still no evident procambium in these nor in the main body of 
the embryo (fig. 3). At this time (8-10 days), the cells at the apices of the 
cotyledons begin to enlarge and acquire large vacuoles while the cells at the 
bases remain smaller and more actively meristematic (fig. 4). 

In the embryo body, however, parenchymatous differentiation of pith 
and cortex begins to block out the procambial cylinder of the hypocotyl- 
radicle axis (fig. 4). On the lateral flanks, a cortical parenchyma develops in 
the lower portion of the still more or less globular embryo mass, and in the 
center, near the apical region, an obconical pith parenchyma region is 
formed. Thus a procambial region, in the shape of a cup, is set off. 

At first, the procambial cells at this stage differ from their parenchyma- 
tous neighbors only in their deeper stainability, later also by their smaller 
size and smaller vacuoles. They may be found in the lower region of cotyle- 
dons which are about 200 » high as well-defined, acropetally developing 
strands (also Reeve 1948, in Pisum). 

Formation of the root apical meristem. As the suspensor continues de- 
velopment, it becomes 6 cells wide just below the embryo proper. Towards 
the base (micropylar end) of the suspensor, the rate of cell division de- 
creases, and there is an increase in the amount of cell elongation. At its basal 
tip, the suspensor terminates in two large, much elongated cells which lie 
side by side. 

In larger embryos collected at 10-12 days (when cotyledons may almost 
fill the embryo sac in larger seeds) there is evident the first sign of the or- 
ganization of a root apical meristem. This is found at the level at which the 
obeonical embryo body just begins to become wider above the suspensor. The 
root apical meristem becomes noticeable as a region of active transverse® 
divisions from which the longitudinal cell rows in the procambium and pith 
appear to diverge. Above the root apical meristem, cells in the pith and pro- 
cambium experience transverse and longitudinal divisions, 1.e., ‘‘T’’ divi- 
sions (Wagner 1939 and others). Cell rows are also continuous from this 
meristem into the suspensor. 


3 See footnote 1. The division walls are transverse to the longitudinal axis of the 
embryo and almost coincide with the transverse plane of the seed. 
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In the cortical region and in the protoderm, the cell rows have no con- 
nection with the root apical meristem at this time. Instead, they run from 
the hypocotyledonary region without change into the outer suspensor, 
through the region which will become the root cap (fig. 5). However, this 
relationship is subsequently altered. 

Epicotyl development. As the age of the embryo approaches two weeks, 
the embryo apex begins to enlarge in both the median and frontal planes 
(fig. 5). At ten days, its frontal diameter attains to 20-30 » and its median 
diameter to 200-220 yw. Fewer and fewer periclinal divisions are to be found 
in the surface layer of this apex. 

On the thirteenth day, the median diameter of the embryo apex reaches 
260 ». The embryonic body extends about 320 » from the suspensor to the 
free apex. At this time, the cotyledons may be 1500-1800 » long, with marked 
growth throughout: active divisions in the basal meristem ; frequent mitoses 
in the vacuolating parenchyma in the body of the cotyledons; and a rapidly 
extending, anastomosing network of thin procambial strands (fig. 8). 

Whether the whole rounded apex of the embryo is properly to be called 
shoot apex is questionable. The emergence of the first two foliar primordia, 
which takes place in the larger seeds at two weeks, does not involve the broad 
shoulders of the embryo apex. Instead, that portion of the apex lying imme- 
diately between the insertion regions of the cotyledons begins to widen 
markedly in the median plane. Periclinal divisions in subsurface cells in 
this region raise a broadly rectangular mass (fig. 6). Activity at the two 
sides of this mass, in the median plane of the seed (constituting two foliar 
buttresses), raises two opposed leaf primordia (fig. 7) above the level of the 
embryo apex, the included portion of which is now indubitably a ‘‘shoot 
apex.’’ Since no further periclinal divisions are to be found in the surface 
layer of the latter, that layer may accordingly be designated as a ‘‘tunica.’’ 
Before the appearance of the primordia, acropetally developing procambial 
tissue is evident in the foliar buttresses (fig. 6). 

Overall histogenetic development of embryo at two weeks. When the 
opposed, young leaf primordia are 60-90 » high, the shoot apex between 
them is more or less flat (about 70 » wide in the median plane). A mantle of 
“‘eumeristem’’ (Kaplan 1937, Sterling 1945) over the shoot apex is con- 
tinuous with the procambial cylinder below and with the procambial strands 
of the newly emergent foliar primordia (fig. 7). There is no discontinuity 
in the organization and development of the procambial tissue (fig. 11). 

Elongation of the embryo body is occurring constantly by means of cell 
elongation in all tissues (the cells of the procambial tissue are now noticeably 
much longer than surrounding cells) and by rib-meristem activity in em- 
bryonic pith and cortex. Occasionally transverse divisions occur in the pro- 
cambium but less noticeably so than in the parenchymatous neighbors. At 
its widest diameter, the pith region of the hypocoty] is 20-23 cell rows across, 
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and there are 8—9 rows of cells in the cortex between the procambium and the 
protoderm. Longitudinal divisions occurring in cortex and pith serve to 
slowly increase the numbers of cell rows in these tissues and hence the diam- 
eters of the tissues. 

At this time, there is no connection between the cell rows of the cortex 
and the root apical meristem, the former being continuous with rows of cells 
which converge laterally below that meristem in the root cap region (fig. 7). 
However, the longitudinal cell rows of pith, procambium and central region 
of the suspensor (not a ‘‘column’”’ here) show clear derivation from the root 
apical meristem (fig. 12). 

In some of the larger seeds at 14 days, the cells of the root apical meri- 
stem are larger and less active than their derivatives (cf. the ‘‘focal’’ area 
similarly located in development of the Taxus embryo, Sterling 1949a). 
About this focal zone of the meristem, the derivative cells experience active 
divisions, in which the new walls are arranged concentrically about the focal 
zone. In this spherical area, most frequent mitoses are to be found imme- 
diately above and below the focal zone (fig. 12). The new cell walls in the 
lateral regions tend to disrupt the continuity of the cortical cell rows. 

Third week of embryo development. During the next week of growth, 
the remainder of the embryonic primary tissues are formed. In the cotyle- 
dons, very extensive procambial networks are produced. The parenchyma 
cells here acquire starch grains about 17 days after fertilization. On their 
first appearance (fig. 9), the grains are too small to give polarization crosses, 
but within a few days they become much larger and definitely birefringent. 
The starch grains are usually simple and may be up to 20 » long at this time; 
each appears to be individually encapsulated in a mass of material of notable 
thickness (fig. 10). 

At the shoot apex, which is large and convex, the bases of the two en- 
larging foliar primordia extend about the apex and are in contact with each 
other. At the points of their union oceur enlarged proliferations, which will 
form the morphologically fused stipules during germination (fig. 16). How- 
ever, at this time and up to maturity, these proliferations merely constitute 


Figs. 11-17. Suspensor toward bottom of page in all. All figures of Henderson Bush 
embryos. Fic. 11. Large embryo at 13 days, with enlarging foliar primordia, Note ac- 
ropetally developing procambial strands. x91. Fig. 12. Root apical meristem of large 
13 day embryo. x 151. Fie. 13. Portion of cotyledon of near mature embryo at 34 days. 
Starch grains occupy most of protoplast in parenchyma cells adjacent to procambial 
strand at lower right. x 210. Fia. 14. Portion of pith of hypocotyl] in 28 day embryo. Rib 
meristem activity is proceeding via many mitoses. Part of procambial cylinder at upper 
right. Root apical meristem is situated toward lower right here. x 210. Fie. 15, Root 
apical meristem and derivative regions in 22 day embryo. x 170. Fig. 16. Shoot apex in 
epicotyl of 22 day embryo—cut in transverse plane of ovule. Stipule primordia evident on 
lower shoulders of the apex, with portions of the first foliar primordia sectioned above 
the apex. Cotyledons at sides of figure, with shell zones in their axils. x 122. Fie. 17. Root 
apical meristem at 34 days. Portion of suspensor is attached. x 122. 
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two mounds of tissue on either side of the embryo, in the frontal plane. In 
the axils of the cotyledons may be seen ‘‘shell zones’’ (concentric ares of 
cells), as described by Schmidt (1924); however, no bud primordia are 
formed in the embryonie stage. 

The basal derivatives of the root apical meristem toward the suspensor 
are displaced laterally due to vertical divisions, followed by isodiametrie 
cell enlargement. The displacement of these cells and the concentric divisions 
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Fig. 18. Line drawing of longisection of Henderson Bush embryo (15 days) in re- 
gion of root apical meristem. Cells of primordial meristem indicated by ‘‘x’’. Related 
groups of sister cells in cortex are numbered alike. Note discontinuities along boundaries 
of major groups, showing that cells across the boundary in any particular vertical row are 
not sister cells. 


which continue, together produce a cell conformation in which the cell rows 
of the cortex appear to be continuous with the concentric layers of root cap 
cells below and about the root apical meristem (figs. 15 & 18). As the rapid 
elongation of the hypocotyl-radicle axis proceeds, the root apical meristem 
is thrust past the lateral derivatives which lie near the protoderm*, and those 


4 The protoderm is still continuous over the root cap. 
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derivatives are passively elongated. Thus the root cap appears to be giving 
rise to the cortex, particularly because the now more or less vertically di- 
rected cells (which arch from below) experience transverse divisions in the 
same fashion as the other cortical cells. This organization persists during 
further development (fig. 17). 

Although the lengths of the suspensor and of the root cap region remain 
relatively constant, there is a tremendous elongation of the embryo axis. This 
elongation is attended by intensive rib-meristem activity in the pith and 
cortex regions of that axis. Coincidentally, the diameter of these regions also 
increases to such an extent that there are now 16 longitudinal cell rows 
along a radius in the cortex and 25 cell rows comprising the pith diameter. 
The procambial cylinder is 8-10 cells wide. 

Maturation and vascular differentiation. Within the next three weeks, 
as the size of all organs of the embryo increases by cell division and eventual 
enlargement, certain cells on the medullary side of the procambial cylinder 
become set off from their neighbors. These cells are superposed in uniseriate 
rows and occur in groups at four symmetrical positions in the radicular pro- 
ecambial cylinder (tetrarch organization). The cells in question enlarge, be- 
coming quite wide, and their cytoplasm stains less intensely and tends to 
shrink away from the cell wall. 

At this pre-germination stage, these elements cannot be definitely as- 
signed to a particular vascular tissue. Perhaps in accordance with the many 
observations of the development of phloem as the first indication of differ- 
entiated vascular elements in the root (Esau 1943, and others), these may be 
presumptive sieve elements. The elements occur throughout the hypocotyl, as 
well, and can be followed to within 80 » of the root apical meristem in the 
near-mature embryo. No other indications of vascular differentiation could 
be found in the embryo as late as 45 days after fertilization. (In the embryo 
of P. multiflorus, Beck (1878) has recorded the occasional presence of xylem 
vessels in the cotyledons. According to Sachs (1859) however, these elements 
are lacking. ) em 

Within the hypocotyl, the pith diameter increases to 33 cell rows, and its 
cells enlarge transversely to the long axis of the pith, in some cases acquiring 
a near-tabular shape (fig. 14). Rib-meristem activity ceases, and small starch 
grains begin to form in the cells of the pith. Starch also is produced in the 
cells of the root cap and the cortex, although less abundantly in the latter. 
Starch grains do not occur in the procambium or in the epidermal cells any- 
where in the embryo. 

In the enlarging simple starch grains of the cotyledons, the hila of Ever- 
green beans remain punctiform for a long time. However, in Henderson 
Bush beans, the formerly punctate hila became greatly elongated cracks in 
the axis of the major diameter of the grains (fig. 13). These cotyledonary 
grains ultimately attain a length of 30-40 ». Not infrequently compound 
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groups of smaller grains (with as many as 6 moieties) may be found among 
the large simple grains of the parenchyma cells. 

The epidermal cells of the cotyledons are tabular in cross-section and 
relatively uniform. No indication of stoma formation or guard cell differ- 
entiation is evident. Although stomata have been described in Phaseolus by 
Tognini (1897), Schleiden and Vogel (1839) and Doutt (1932), their pres- 
ence has been denied by Godfrin (1884), Gris (1864), Kater (1927), and 
Sachs (1859). Careful examination of the cell walls in the cotyledonary 
parenchyma does not confirm the picture given by Frear (1883). The cell 
walls are quite thin and covered with primary pit fields. There is no thick 
lamella of primary wall overlying the middle lamella. Frear’s interpretation 
was apparently founded on sections which passed through portions of walls 
which were more or less parallel to the plane of section. 

Further developments are regressive, leading to the incipient shrinkage 
and hardening of the embryo after the 45th day. 

Discussion. Because of the extensive studies of very early embryogeny 
in related species and the essential correspondence of early lima bean de- 
velopment with that of other legumes, it is unnecessary to discuss this phase 
here. No distinet anatomical developments could be correlated with the time 
of optimum organoleptic quality of the fresh bean. 

Primary interest attaches to the phases of development in which the pro- 
cambium is blocked out and in which the root apical meristem is organized 
and develops. With the techniques used in this investigation, it is of interest 
to note that the first sign of procambium formation is not apparent until the 
primordia of the cotyledons are fairly well grown. This contrasts with the 
early blocking out of that tissue (prior to cotyledon emergence) in the em- 
bryos of Tarus (Sterling 1949a) and Phlox (Miller & Wetmore 1945). The 
earliest indication of the procambial cylinder in the hypocotyl axis is due 
principally to a change in stainability of cells in the regions of future cortex 
and pith. The cells of the early procambium are otherwise undifferentiated 
from their neighbors. No indication is found of basipetal differentiation of 
procambial tissue into the hypocotyl from the cotyledonary node. 

The formation of the root apical meristem is attendant on the widening 
of the suprasuspensory region of the embryo. The larger, somewhat more 
vacuolate cells of this meristem divide less frequently than their concentri- 
cally produced derivatives. The initial zone may therefore properly be con- 
sidered as a ‘‘focal zone’’ in the sense used earlier (Sterling 1949a). From 
this focal zone of initials are produced radiating rows of derivative cells, 
‘‘eumeristem,’’ distally toward the suspensor-root cap region, laterally, and 
proximally toward the hypocotyl body. 

Evidence for histogenic derivation (Tiegs 1912, and others) of the vari- 
ous tissues of the radicle from various layers or specific cells of the initial 
zone is not to be found in the lima bean embryo. It is obvious from figure 18, 
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first of all, that the mechanism of the divisional activity is not, as indicated 
by Clowes (1950), a point to point derivation of cortical cell lineages from 
specific cellular units in the meristem. Rather, radial rows of a precortical 
primary meristem are produced by the initial zone, the cells of these rows 
then becoming active as initials of a rib meristem, as they are displaced by 
new rows. Evidence of this interpretation of the mechanism of growth of the 
root apical meristem is indicated in other plants by the figures of Clowes 
(1950): Pl. 3b; Schade and Guttenberg (1951): fig. 7; Sterling (1949b) : 
fig. 17; Nast (1941): PL. V, fig. 18; Pl. VII, fig. 24; and Yarbrough (1949) : 
fig. 10. Additionally, the concept of an inverted cup of histogen initials does 
not fit well with the distribution of growth in the enlarging radicle of the 
lima bean embryo. 

A second point of contradiction to histogenic derivation of radicle tissues 
is evident in figures 12, 15, and 17, in which it may be seen that the various 
tissues differentiate irrespective of cell boundaries. Vacuolarization and cell 
enlargement in the future cortex transgress the lines of cell boundaries, so 
that no distinet cellular limit may be drawn between cortex and the proximal 
region of the root cap. A distinct epidermal histogen is lacking. Likewise no 
clear distinction can be made between particular cell rows unique to the cor- 
tex and to the procambium, nor is there a distinction in origin between cell 
rows of the procambium and those of the pith. 

It is also necessary to consider the neo-classical view of the presence of 
an ‘‘apical cell’ in the dicotyledon root apical meristem (Guttenberg 1947, 
Neumann 1939, & Schade & Guttenberg 1951). Theoretically, it is possible 
to conceive that such a cell is likely to exist where a distinct meristem layer- 
ing is absent. Nevertheless, the effective primordial meristem (like the effec- 
tive cambium) seems to be a group of cells of similar cytological 
aspects and properties (see also Clowes 1953, 1954). The organization of the 
unlayered meristem in lima bean and related plants flows naturally from the 
concept, as well as physical presence, of a group of cells on the boundaries of 
which more active derivatives produce radiating rows of cells. By subse- 
quent differential growth activity, t.e., ‘‘T’’ divisions (Reinke 1871, 1872; 
Wagner 1939 ; Clowes 1950, 1953, 1954), these radiating rows create the vari- 
ous patterns to be found in the root tip (also see Reeve 1948). 

Use of the term ‘‘eumeristem’’ has recently been questioned by Johnson 
(1951). From the work of Kaplan (1937) and Buvat (194445, 1952), it is 
clear that various types of meristematic cells are cytologically non-equivalent. 
It appears to the author that a more heuristic prospect will follow the analy- 
sis of zonation in apical meristems based on such cytological differences than 
would issue from an interpretation of meristem structure on the basis of the 
types of derivative tissues. It seems more appropriate to regard the root 
apical meristem here as consisting of a less active ‘‘ focal zone’’ which gives 
rise, by greater activity at its margins, to eumeristem cells. From these 
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eumeristem cells the various primary meristems then appear to be developed. 
A view point such as this will generalize similarities in meristem construction 
rather than emphasize dissimilarities which may obscure relationships of 
interest in developmental anatomy. 


SUMMARY 


1. Early embryogeny in Phaseolus lunatus closely resembles that of 
other members of the genus. 

2. Cotyledon primordia are formed before procambial tissue becomes 
obvious; but when differentiation of the latter is apparent, its direction of 
development is acropetal. 

3. A root apical meristem develops as a focal zone of less active cells sur- 
rounded by a spherical shell of more active, concentrically dividing eumeri- 
stem cells. 

4. No histogenic layers are to be found in the root apical meristem or its 
derivatives. 

5. The epicotyl consists of two opposed primary leaf primordia, in which 
procambial tissue develops acropetally. Stipular primordia are also present. 

6. No relationship could be found between anatomical development and 
the stage of optimum organoleptic quality. 

DEPARTMENT OF Foop TECHNOLOGY, UNIVERSITY OF CALIFORNIA 

Davis, CALIFORNIA 
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MECHANICAL TRANSMISSION OF CLOVER CLUB-LEAF 
VIRUS TO ITS INSECT VECTOR 


KARL MARAMOROSCH 


In 1943 Black discovered a new leafhopper-transmitted plant virus which 
he named clover club-leaf virus, Aureogenus clavifolium Black (Black 1944). 
This virus has never been reported as a plant pathogen occurring in nature, 
although in experimental inoculations it caused a disease in crimson clover 
(Trifolium incarnatum L.) and in periwinkle (Vinca rosea L.). Perhaps the 
most interesting features of the relationship of the club-leaf virus to its 
insect vector Agalliopsis novella (Say) are transmission of the virus through 
the egg of infective females to their progeny (Black 1948) and multiplica- 
tion of the virus in vector insects (Black 1950). At present only 5 other 
leafhopper-borne viruses are known to pass through eggs of vectors to the 
progeny. These are the viruses causing rice stunt (Fukushi 1933), wound 
tumor (Black 1953), potato yellow dwarf (New Jersey variety of the virus) 
(Black 1953), alfalfa dwarf (Grylls 1954), and a newly discovered virus 
(Maramorosch 1953) in western Europe (Evenhuis, personal communica- 
tion ; Maramorosch, unpublished data). The study of these leafhopper-trans- 
mitted plant viruses is of considerable basic importance. The ability to main- 
tain themselves in insects places them in a special category of insect, as well 
as plant, viruses. In addition to these plant-pathogenie viruses, a virus of 
the fruitfly Drosophila melanogaster (L’Heritier & Teissier 1937) also was 
found to pass through the egg to the next generation. Only 2 of the 7 viruses 
transmitted through the egg to offspring, the Drosophila virus (L’Heritier 
& Hugon de Scoeux 1947) and the wound-tumor virus (Maramorosch, Brakke 
& Black 1949), have been transmitted mechanically to their respective insect 
hosts by means of injections. The club-leaf virus has never been transmitted 
mechanically. It could not, therefore, be studied in vitro, as it has not been 
possible to detect the virus in extracts from insects or from plants. The pur- 
pose of the present investigation was to find, if possible, a mechanical means 
of virus transmission from cell-free extracts of plant and insect material. 

Materials and methods. The leafhoppers used in the experiments were 
originally obtained from stock cultures of virus-free and virus-bearing Agal- 
liopsis novella, maintained by Prof. L. M. Black at the Department of Bot- 
any, University of Illinois, Urbana, Illinois. Immediately after the shipment 
arrived in New York, the viruliferous leafhoppers were placed on sweet 
clover plants (Melilotus alba L.) and maintained for 3 months at 25° C. in 
controlled temperature chambers described previously (Maramorosech 1952 
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The controlled temperature was of importance because club-leaf virus is 
heat labile (Black 1950, Black, unpublished data), and the infectivity of 
the vectors might have been impaired seriously by ordinary summer green- 
house temperatures. The virus-free leafhoppers were maintained in a green- 
house insectary on either sweet clover or alfalfa plants (Medicago sativa L.). 
Crimson clover plants (Trifolium incarnatum L.), used for the infectivity 
tests, were grown from commercial seed in a mixture of sand and soil in 6 
in. pots and later transplanted to 2 in. pots when the plants reached a height 
of approximately 1 in. These plants were caged in transparent celluloid 
cylinders provided with plastic screen tops for ventilation. Small cages were 
prepared conveniently by replacing the bottoms of commercially available 
cellulose nitrate containers (manufactured by the Lusteroid Container Cor- 
poration, Maplewood, N. J.) with a fine screen of Lumite, 60 x 60 mesh. 

A specially constructed automatic microinjection apparatus was used for 
mechanical inoculations (Maramorosch, in press). Virus-containing solutions 
were obtained from insect and plant sources. When the source was virulifer- 
ous Agalliopsis novella, 40 adult leafhoppers were macerated at 0° C. ina 
commercially available 2 ml. TenBroeck tissue grinder and a few drops of 
a modified Ringer solution were added to make a 1: 30 dilution by weight. 
One liter of the Ringer solution contained NaCl 9 grams, KCl 0.42 grams, 
CaCl, 0.06 grams, dextrose 0.5 grams, NaHCO, 0.5 grams. The suspension 
was centrifuged at 4000 r.p.m. for 10 min. in a coldroom at 0° C. and the 
supernatant fluid used for inoculations. The vial containing the inoculum 
was kept in a mixture of ice and water and the micropipettes were refilled 
after four inoculations. When the virus-containing solutions were prepared 
from diseased crimson clover plants, leaves were macerated with phosphate 
buffered sodium chloride solution instead of the modified Ringer solution. 
The sodium chloride solution contained NaCl 0.225 M, K.L.PO, 0.0067 M, 
KH,PO, 0.0033 M, and had a pH of 6.9 (Brakke, Maramorosch & Black 
1953). The dilution, centrifugation, and cooling of the inoculum were similar 
in both cases. Insects from virus-free stock, chosen for the tests, were divided 
at random into four equal groups of 50 individuals. One group was injected 
with diluted insect juices, another with diluted plant juice, and two groups 
were not injected and served as controls. The inoculated insects and the con- 
trols were tested in groups of 5 or less on a total of 80 crimson clover plants. 
After the removal of insects, all exposed plants were kept in a greenhouse 
and observed for 8 weeks or longer. 

Experiments and results. Almost all control insects survived the first 
4 weeks, after which they were transferred for 6 weeks to a second lot of 
plants. All clover plants of the first as well as of the second lot exposed to 
control insects remained healthy. Only 39 insects inoculated with insect or 
plant juices survived the first 4 weeks. Afterwards these insects were tested 
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individually on young crimson clover plants. Of 22 insects inoculated with 
material of insect origin, 6 proved infective. Of 17 leafhoppers inoculated 
with plant juice, 3 transferred the virus. The incubation period of the virus 
in inoculated insects was longer than 4 weeks but no attempt was made to 
establish the exact length of this period. The incubation period in clover 
plants varied from 5 to 8 weeks. 

In addition to tests with insects inoculated mechanically, a routine test 
of the virus-carrying Agalliopsis novella was made to ascertain whether these 
insects still carried the virus and also whether infection would be produced 
under the conditions of the experiment. By the end of September 1953, 120 
insects from viruliferous stock were caged for 10 days in groups of 5 insects 
on 24 crimson clover plants. Within 3 months 17 of the 24 plants showed 
club leaf. This result indicated that the insects maintained a high degree 
of infectivity, probably as a result of their maintenance at the controlled 
temperature of 25° C. during the summer. 

Discussion. In his experiments Black (1950) demonstrated beyond doubt 
that club-leaf virus multiplies in its insect vector. Mechanical transmission 
of this virus, as here described, now provides a technique whereby this virus 
ean be detected in extracts from viruliferous insects and from diseased 
plants. It seems that virus inoculated mechanically into a vector leafhopper 
is distributed in the blood from the abdominal cavity to tissues where it can 
multiply. As pointed out before in connection with other leafhopper-trans- 
mitted viruses, the insect host obviously is more susceptible than the plant 
host to infection by mechanical inoculation. The club-leaf virus has net been 
transmitted to plants by needle inoculation or by rubbing, probably because 
of its low concentration in extracts from plants. Neither was virus obtained 
from animal tissues transmitted to plants. Interference by inhibitors, to be 
expected when an animal source of virus is being used, may well account for 
lack of transmission in this case. 

The viruses causing corn-streak disease (Storey 1933), aster yellows 
(Black 1940, 1955), corn stunt (Maramorosch 1951), and wound tumor 
(Brakke, Maramorosch & Black 1953) also have been transmitted to their 
respective vectors from both plant and insect sources. In these earlier tests 
as well as in the present experiments with club-leaf virus, the needle-inocu- 
lation procedure provided a helpful technique for the study of leafhopper- 
borne viruses. 

SUMMARY 


1. Clover club-leaf virus from viruliferous Agalliopsis novella and from 
diseased Trifolium incarnatum plants was injected, after dilution, into 100 
virus-free insects of the vector species. 

2. Mechanical transmission from insect to insect and from plant to insect 
was successful. After an incubation period of more than 4 weeks, 6 of 22 
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insects inoculated with virus from insects and 3 of 17 inoculated with virus 
from plants became infective. 

3. One hundred uninjected insects of the vector species, tested as con- 
trols, proved virus-free. 

4. The mechanical transmission of club-leaf virus provides a technique 
for the detection and study of this virus in vitro. 

THE LABORATORIES OF THE ROCKEFELLER INSTITUTE 

FoR MepicaL ResearRcH, NEw YorK, New YorK 


Literature Cited 


Black, L. M. 1940. Mechanical transmission of aster-yellows virus to leaf hoppers. 
(Abstract) Phytopathology 30: 2-3. 

1944. Some viruses transmitted by agallian leafhoppers. Proe. Am, 
Philos. Soe. 88: 132-144. 

——_——_—_—_——. 1948. Transmission of clover club-leaf virus through the egg of its insect 
vector. (Abstract) Phytopathology 38: 2. 

———. 1950. A plant virus that multiplies in its insect vector. Nature 166: 

852-853. 

1953. Oceasional transmission of some plant viruses through the eggs 

of their insect vectors. Phytopathology 43: 9-10. 








——_——__———.. 1955. Concepts and problems concerning purification of labile insect- 
transmitted plant viruses. Phytopathology 45: 208-216. 

Brakke, M. K., Maramorosch, K. & Black, L. M. 1953. Properties of the wound-tumor 
virus. Phytopathology 43: 387-390. 

Fukushi, T. 1933. Transmission of the virus through the eggs of an insect vector. Proce. 
Imp. Acad. (Japan) 9: 457-460. 

Grylls, N. E. 1954. Rugose leaf curl—a new virus disease transovarially transmitted by 
the leafhopper Austroagallia torrida. Austr. Jour. Biol. Sci. 7: 47-58. 

L/Heritier, P. & Teissier, G. 1937. Une amomalie physiologique héréditaire chez la 
Drosophila. C. R. Acad. Sei. Paris 205: 1099-1101. 

L’Heritier, P. & Hugon de Scoeux, F. 1947. Transmission par greffe et injection de la 
sensibilité héréditaire au gaz earbonique chez la Drosophile. Bull. Biol. 81: 
70-91. 

Maramorosch, K. 1951. Mechanical transmission of corn stunt virus to an insect vector. 
Phytopathology 41: 833-838. 
——. 1952. Direct evidence for the multiplication of aster-yellows virus in its 
insect vector. Phytopathology 42: 59-64. 

. 1953. A new leafhopper-borne plant disease from western Europe. U. 8. 
Dept. Agric., Plant Disease Reporter 37: 612-613. 

. An automatic microinjector for insect inoculation. In press. 

Maramorosch, K., Brakke, M. K. & Black, L. M. 1949. Mechanical transmission of a 
plant tumor virus to an insect vector. Science 110: 162-163. 

Storey, H. H. 1933. Investigations of the mechanisms of the transmission of plant 
viruses by insect vectors. Proc. Roy. Soc. (London) Ser. B., 113: 463-485. 








ce 


Wi 


th 
of 
th 
SO 
A 
ot 
fe 





































82 BULLETIN OF THE TORREY BOTANICAL OLUB 








Vou. 82, No. 5, pp. 343-354 SEPTEMBER, 1955 
us Speen — : — ne RN 
= NUTRITION AND METABOLISM OF THE 

TOBACCO WILT FUSARIUM 
ue 
FREDERICK T. WoLF 
The wilt disease of tobacco induced by Fusarium was first studied by 

Johnson (1921), who described the causal organism as Fusarium oxysporum 

(Schlecht.) Wr. var. nicotianae Johnson. Subsequent studies of the disease 
i have been centered primarily upon the development of varieties of tobacco 


resistant to the pathogen. Relatively little information is available con- 
.m, cerning the physiology of the causal organism. Wolf and Wolf (1948) eculti- 
vated the fungus in a modified Richards’ solution in efforts to determine 


= the nature of the metabolic products responsible for the production of 
as: wilting. The toxic materials were not identified. It was shown, however, that 

at least two toxic components are involved, and that neither is identical 
728 with lyecomarasmin, a toxic metabolite of the tomato wilt Fusarium, F. 


lycopersici (Clauson-Kaas, Plattner & Giumann 1944; Plattner & Clauson- 
Kaas 1944, 1945). 


It is the purpose of this paper to present information concerned with 


5 the nutrition of F. oxysporum var. nicotianae and its growth in a variety 

Oe. of synthetic media. Further, studies of some of the metabolic products of 

this organism have been made. These include ethyl alcohol and a red water- 

by soluble pigment which appears in culture filtrates under certain conditions. 

le A search has also been made for fusarinie acid, a metabolic product of 

other species of Fusarium, which has been implicated in the wilting of af- 

la fected plants. 

81: The literature concerned with the nutrition of Fusaria and with aleoholic 

fermentation by these organisms is so extensive that no attempt at sum- 

-_ marization will be made. The fermentation of hexoses by Fusaria is believed 

its by most workers to follow the same course as that by yeasts. Anderson, 
Everitt and Adams (1933), in studies with F. oxysporum from potatoes, 

8. showed that the main products of glucose metabolism are carbon dioxide 

and aleohol. Fermentations by Fusaria are, however, slower than with yeast, 

eu and the resulting yields of aleohol are lower, as Fusaria have a lower alcohol 

tolerance than does Saccharomyces. In a few instances, alcohol yields by 

ant Fusaria have been increased by the addition of thiamine. The explanation 

85. offered is that Fusarium species may be deficient in cocarboxylase (thia- 


mine pyrophosphate ), a coenzyme of the enzyme carboxylase which converts 
pyruvate to acetaldehyde. If cocarboxylase is deficient, fermentation can 
then proceed only as far as pyruvate, which accumulates in the eulture 
filtrates. Such accumulation of pyruvate has been demonstrated (Sciarini 
& Nord 1944). 
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In the original description of F. oxysporum var. nicotianae, Johnson 
(1921) mentions the production of a pink pigment. Nord, Hofstetter and 
Dammann (1937) discovered that the pigment of F. oxysporum has the 
properties of an indicator, changing from red in acid or neutral solution to 
blue or purple in alkaline solution. Ashley, Hobbs and Raistrick (1937) 
isolated from F. culmorum and F. graminearum a pigment which they 
characterized chemically, and to which they gave the name rubrofusarin. 
Mull and Nord (1944) determined the nature of the absorption spectrum 
of rubrofusarin from F. graminearum in the ultra violet and visible regions. 
By comparison with the spectra of related synthetic compounds, they con- 
cluded that rubrofusarin is either 2,8-dihydroxy-1-methoxy-7-methyl xan- 
thone or 2,3-dihydroxy-8-methoxy-7-methyl xanthone. 

Fusarinic acid was originally isolated as a metabolic product of F. het- 
erosporum by Yabuta, Kambe and Hayashi (1934). Its structure has been 
determined as 5-n-butyl-picolinic acid. This compound has since been found 
as a metabolic product of Gibberella Fujikuroi, F. vasinfectum and F. lyco- 
persici (Gaumann, Naef-Roth & Kobel, 1952a, 1952b). In tomato wilt dis- 
ease, these workers have shown that wilting may result from several meta- 
bolic products of F. lycopersici, including both lycomarasmin and fusarinie 
acid. Since it has been shown ( Wolf & Wolf 1948) that lycomarasmin is not 
involved in the wilting of tobacco plants infected with F. oxysporum var. 
nicotianae, it became of interest to ascertain whether the toxic material pro- 
duced by this fungus might be fusarinie acid. 

Materials and methods. The organism studied was a strain of Fusarium 
oxysporum var. nicotianae isolated by Dr. F. A. Wolf from a diseased to- 
bacco plant in Kentucky, in August, 1953. Since our previous studies ( Wolf 
& Wolf 1948) had shown that the tobacco wilt Fusarium grows readily on 
Richards’ solution, this medium was chosen as the basis of the nutritional 
studies. The medium contains KNOs;, 10 gm.; KH,PO,, 5 gm.; MgSO, - 7H.0, 
2.5 gm.; FeCl,, trace; glucose, 34 gm.; and distilled water, to make 1000 ml. 

In the experiments with various carbon sources, the medium was modi- 
fied by the omission of glucose, and to this basal medium were added various 
carbon sources in amounts calculated to provide 400 mg. carbon per 100 ml. 
(equivalent to one per cent glucose). In the experiments with nitrogen 
sources, Richards’ solution was modified by the omission of KNOs;, and the 
various inorganic nitrogen sources, L-amino acids or nucleic acid derivatives 
were added to provide 25 mg. nitrogen per 100 ml. In the ease of the DL- 
amino acids, this quantity was doubled, on the assumption that the D-isomer 
is probably unavailable to the fungus. 

Ordinarily no pH adjustment was required in the experiments dealing 
with carbon sources. In the experiments in which the nitrogen source was 
varied, the pH was adjusted to 5.0. The media were dispensed in 33.3 ml. 
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quantities in 125 ml. Erlenmeyer flasks. All media were sterilized by auto- 
claving, and were inoculated from a spore suspension by means of sterile 
pipettes. Cultures were allowed to grow under stationary conditions for 9 
days at room temperature. The mycelia were then removed by filtration, 
dried to constant weight in a desiccator over ‘‘Drierite,’’ and weighed. 
pH measurements of culture filtrates were taken with a Beckman model G 
pH meter. Determinations of reducing sugars in the culture filtrates were 
performed by the Shaffer-Hartmann method. The amount of sugar consumed 
was determined by difference. The economic coefficient, (mat weight/sugar 
consumed) x 100, could then be caleulated (Foster 1949). 

In the experiments concerned with the production of alcohol, Richards’ 
solution was modified by increasing the glucose concentration to 10 per cent, 
and by adding thiamine hydrochloride at a concentration of 1.0 »gm./ml. 
The medium was dispensed in 100 ml. quantities in 500 ml. Erlenmeyer 
flasks. After inoculation, the cultures were incubated under stationary con- 
ditions for four weeks. Aleohol was determined in the neutral distillate of 
the culture filtrates by oxidation to acetic acid by means of potassium 
dichromate and phosphoric acid, distillation of the acetic acid, and titra- 
tion with NaOH. 

In the experiments concerned with the red water-soluble pigment pro- 
duced by F. oxysporum var. nicotianae, absorption spectra of the culture 
filtrates were taken with a Beckman Model DU spectrophotometer. For the 
studies of fusarinic acid, the fungus was grown for 3 months in 500 ml. Er- 
lenmeyer flasks containing 100 ml. quantities of Richards’ solution. The 
attempted isolation of fusarinie acid was performed according to the pro- 
cedure of Yabuta, Kambe and Hayashi (1934). Since the material isolated 
proved to have a melting point which differed considerably from that re- 
ported for fusarinie acid, in order to determine whether small quantities of 
this compound might be present, a solution of the isolated material was 
examined in the spectrophotometer in comparison with nicotinic acid, to 
determine the extent of absorption due to the pyridine ring in the region 
of 260-265 mp» (Stephenson 1952). 

Results. Nutrition. The data concerned with the growth of FP. oxyspo- 
rum var. nicotianae in media containing thirty different carbon compounds 
as the sole source of carbon are presented in Table 1. The figures for mat 
weight represent the averages from two replications of the experiment; the 
pH readings were made upon the pooled filtrates of duplicate cultures. 

It is apparent that this organism is able to utilize a great diversity of 
carbon compounds. Maltose and xylose supported a greater amount of 
growth than any other compounds tested. The polysaccharide dextrin, the 
trisaccharides raffinose and melezitose, the disaccharides sucrose, trehalose 
and cellobiose, and the monosaccharide mannose are all excellent carbon 
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TABLE 1. Growth of F. oxysporum var. nicotianae in media containing various com- 


pounds as sole sources of carbon. 


1 


Carbon Mat Weight, Carbon Mat Weight, 


Source Mg. pH Source Mg. pH 
Glycerol 46 5.7 Sucrose 107 5.5 
Glyceraldehyde 8 4.2 Maltose 131 6.7 
Phosphoglycerie Acid’ 0 5.0 Lactose 18 4.6 
Na Glyeerophosphate 15 7.0 Cellobiose 103 5.6 
D-Arabinose 13 4.4 Trehalose 105 6.2 
L-Arabinose 65 5.8 Melibiose 22 5.7 
Xylose 128 6.0 Raffinose 114 5.9 
Ribose 70 6.4 Melezitose 102 6.1 
Rhamnose 37 5.7 Dextrin 100 6.5 
Glucose 95 6.1 sol. Starch 56 6.2 
Levulose 99 5.9 Erythritol 7 4.8 
Gnlactose 74 5.4 Pule‘tol 26 5.8 
Mannose 104 6.0 Sorbitol 23 5. 
Sorbose 56 5.7 Mannitol 39 6.2 
Fructose 1,6 Diphosphate’ 17 6.4 Inositol 59 6.0 


‘Data from single cultures. 


sourees. Good growth was obtained in levulose, glucose, galactose and ribose, 
while growth was fair on L-arabinose, inositol, starch, sorbose, glycerol, 
mannitol and rhamnose. Among the sugars, D-arabinose, lactose and meli- 
biose were found to be poor carbon sources for this organism. 

In Table 2 are presented additional data from the same experiment, 
dealing with the utilization of thirteen reducing sugars. Determination of 
the content of reducing sugar remaining in the culture filtrates after growth 
of F. oxysporum var. nicotianae permitted a calculation to be made of the 
economic coefficient, a measure of the efficiency of conversion of substrate 
into cell material. After nine days, glucose, mannose and maltose had com- 


TABLE 2. The economic coefficient of F. oxysporum var. nicotianae in media contain- 
ing various reducing sugars as the sole source of carbon. 


a Mat Weight, Unused Redue- Sugar Con Economic 
arbon Source Me ing Sugar, sumed Coefficient, 
_ Mg./100 MI. Mg./100 Ml. Per Cent 
D-Arabinose 13 680 320 4.1 
L-Arabinose 65 404 596 10.9 
Xylose 128 104 896 14.3 
Rhamnose 37 176 824 4.5 
Glucose 95 0 1000 9.5 
Levulose 99 424 576 17.4 
Galactose 74 98 902 8.2 
Mannose 104 0 1000 10.4 
Sorbose 56 472 528 10.6 
Maltose 131 0 1000 13.1 
Lactose 18 420 580 3.1 
Cellobiose 103 92 868 11.9 
Melibiose 22 3 997 2.2 
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pletely disappeared, and only a small quantity of melibiose remained. On 
the basis of the quantity of sugar actually utilized, levulose is the best of 
the carbon sources tested, resulting in the formation of a quantity of my- 
celium equivalent to 17.4 per cent of the sugar consumed. This is only 
slightly higher than the values found for xylose and maltose, which were 
the best carbon sources for this fungus, considered solely from the stand- 
point of the quantity of mycelium produced. D-arabinose, lactose and meli- 
biose, on which the organism makes poor growth, are characterized by low 
economic coefficients. 

A series of cultures identical with those just described was prepared 
and incubated on a rotary shaker at a speed of 80 r.p.m. for nine days. The 
results will not be reported in detail, for the reason that, at least in the 
media used, F. oxysporum var. nicotianae appears better adapted to the 
semi-anaerobie conditions of stationary culture than to the aerobic condi- 
tions of shake culture. It may be stated, however, that, in general, greater 
growth occurs in stationary than in shake culture, while sugar utilization 
is more complete in shake culture. Further, these two factors are inter- 
related in such a way that, for any given sugar, the economic coefficient is 
usually higher in stationary cultures. A totally unexpected finding in the 
shake cultures was that F. oxysporum var. nicotianae grows principally in 
a yeast-like fashion, forming a white turbidity throughout the agitated 
solution, which, on cessation of agitation, produces a white deposit on the 
bottom of the flasks. On microscopic examination, the growth of the fungus 
was found to consist principally of single ovoid cells. 

The influence of ammonium, nitrite, nitrate, and 24 different amino acids 
as nitrogen sources for the growth of the tobacco wilt Fusarium is shown in 
Table 3. No growth occurred in sodium nitrite in the concentration used 
in this experiment. The fungus utilizes both nitrate and ammonium, but 
these inorganic nitrogen sources are far inferior to certain amino acids. 
Aspartic acid, glutamic acid and f-alanine were the best of the nitrogen 
sources tested. Growth was likewise very good with glycine, hydroxyproline, 
tyrosine, serine, or tryptophane. All of the remaining amino acids were 
utilized, but some of them, particularly the sulphur-containing amino acids, 
were inferior to inorganic compounds as nitrogen sources for this organism. 

Using the same basal medium as in the preceding experiment, the effect 
of 34 nucleic acid derivatives and related compounds as sole sources of 
nitrogen for the growth of F. oxysporum var. nicotianae was then studied, 
with the results presented in Table 4. First of all, it will be noted that none 
of these compounds is comparable to the best of the amino acids, namely 
aspartic acid, glutamic acid or B-alanine, as a nitrogen source for this or- 
ganism. Ribonucleie acid, urie acid and 2,6-diaminopurine were the best 
of the 34 compounds tested; even with these, the amount of growth is only 
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one half to one third of that obtained with certain forms of amino nitrogen. 


As a class the pyrimidines (alloxan, barbituric acid, cytosine, 5-methyl 
cytosine, orotic acid, the pyrimidine moiety of thiamine, thiouracil, thy- 
mine, and uracil) are poor nitrogen sources. The purines (adenine, gua- 
nine, hypoxanthine, xanthine, uric acid, 2,6-diaminopurine) and their deg- 
radation products, allantoin and urea, are, however, good nitrogen sources. 
The methylated purines theobromine, theophylline and caffeine, support 
out little growth. 


TABLE 3. The growth of F. oxysporum var. nicotianae in media containing various 
inorganic nitrogen compounds or amino acids as the sole source of nitrogen. 


Nitrogen Source Mat Weight, Mg. pH 
Ammonium sulphate 76 2.6 
Sodium nitrite 0 5.3 
Sodium nitrate 85 5.1 
Glycine 189 3.6 
f-Alanine 299 3.5 
L-Aspartie acid 347 6.3 
L-Glutamie acid 306 6.0 
L-Asparagine 163 3.5 
L-Cystine' 63 3.4 
L-Cysteine - HCl 52 3.2 
L-Leueine 79 3.8 
L-Lysine - HCl 80 3.0 
L-Histidine - HCl 44 3.5 
L-Arginine - HC] 150 3.0 
L-Tryptophane 174 3.5 
L-Tyrosine* 181 3.4 
L-Proline 115 3.5 
L-Hydroxyproline 184 3.7 
DL-Alanine 126 3.6 
DL-Serine 175 3.7 
DL-Threonine 93 3.9 
DL-Valine 94 3.6 
DL-Isoleucine 124 3.6 
DL-Norleucine 69 3.7 
DL-Phenylalanine 83 3.6 
DL-Ornithine - HC] 87 3.0 
DL-Methionine 75 3.3 


1 Insoluble 


No significant difference is to be noted among the purines, the purine 
nucleosides (adenosine, guanosine, inosine, xanthosine) and the purine 
nucleotides (adenylie acid, guanylie acid), which are about equally effee- 
tive. A different situation prevails, however, upon comparison of the pyrimi- 
dines (cytosine, uracil) with their corresponding nucleosides (cytidine, uri- 
dine) and nucleotides (cytidyliec acid, uridylic acid). The nucleosides are 
more favorable nitrogen sources than either the nucleotides or the free 
pyrimidines, and compare favorably with the purines as nitrogen sources 
for F. oxysporum var. nicotianae. 
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Alcohol. The quantities of alechol found in the cultures of F. oxryspo- 
rum var. nicotianae after four weeks of growth under stationary conditions 
in media containing 10 gm. glucose per 100 ml. averaged 1.9 gm./100 ml. 
Since the theoretical yield of alcohol from 10 gm. of glucose is 5.1 gm., the 
conversion was 37.2 per cent of theory, on the basis of the quantity of glucose 
initially present. Estimations of unfermented glucose, by the Shaffer-Hart- 
mann method, indicated a residual glucose level of 4.94 gm./100 ml. There- 
fore, only 5.06 gm. of glucose were utilized. Theoretically, 2.85 g. of aleohol 
would be expected from the fermentation of 5.06 gm. of glucose. The alcohol 


TABLE 4. Growth of F. oxysporum var. nicotianae in media containing various 
nucleic acid derivatives as sole sources of nitrogen. 


Nitrogen Mat Weight 1H Nitrogen Mat Weight 1H 
Source Mg. I Source Mg. I 
Alloxan 44 3.4 Allantoin 74 4.7 
Barbiturie Acid 22 4.4 Urea 82 4.8 
Cytosine 48 5.7 Guanidine - HCl 56 3.6 

5-Methyl Cytosine 26 4.9 2,6-Diamino- 
purine 103 4.2 
Orotie Acid 25 3.5 8-Azaguanine 19 4.1 
2-Methyl, 5- 
Ethoxymethy]l, 
6-Amino 
Pyrimidine 18 4.6 Adenosine 71 4.3 
Thiouracil 28 3.8 Cytidine Sulphate 90 4.1 
Thymine 22 4.0 Guanosine 65 3.9 
Uracil 29 4.2 TInosine 61 4.0 
Adenine Sulphate 87 3.7 Uridine 89 4.2 
Guanine HCl 74 4.4 Xanthosine 65 4.0 
Hypoxathine 69 4.0 Adenylie Acid 52 3.8 
Xanthine 64 3.9 Cytidylie Acid 61 3.7 
Urie Acid 106 4.1 Guanylie Acid 64 3.6 
Theobromine 26 3.9 Uridylie Acid 66 4.4 
Theophylline 19 4.2 Desoxyribo- 
nucleic Acid 79 3.8 
Caffeine 25 3.9 Ribonucleic Acid 185 3.9 


yield was, therefore, 66 per cent of theoretical on the basis of the glucose 
consumed. This would indicate that ethyl alcohol is a major metabolic prod- 
uct of F. oxysporum var. nicotianae. 

Rubrofusarin. In the portion of the work dealing with nitrogen sources, 
it was noted that the culture filtrates in certain cultures of the tobacco wilt 
Fusarium, as well as the mycelial mats, were bright red in color. This oc- 
curred only in certain of the stationary cultures, especially when aspartic 
acid or glutamic acid was the nitrogen source, under conditions in which 
growth was particularly abundant. The absorption spectrum of the culture 
filtrate (pH 6.0) showed a well defined maximum in the visible at 500 mz. 
Portions of such culture filtrates were adjusted with HCl or NaOH to pH 
values ranging from 1.0 to 12.0. The resulting solutions remained red from 
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pH 1.0 to 7.3, but changed to purple throughout the range 7.8-12.0. The 
pigment therefore has the properties of an indicator, the color change oe- 
curring in the region of pH 7.6. The position of maximal absorption, which 
was 500 my in acid solution, is shifted in the alkaline range to 550 mu. 

The absorption spectrum of a diluted sample of the culture filtrate of 
F’. oxysporum var. nicotianae was also determined in the ultra violet, a maxi- 
mum being located at 265 my». Comparison of the absorption spectrum of the 
pigment from F’. orysporum var. nicotianae with that of rubrofusarin (Mull 
& Nord 1944) indicates that the pigment of the tobacco Fusarium is actually 
rubrofusarin. 

Fusarinic acid. An attempt was made to isolate fusarinie acid (5-n- 
butyl picolinie acid) from the culture filtrate of F. oxysporum var. nicoti- 
anae by the procedure given by Yabuta, Kambe and Hayashi (1934). Fif- 
teen flasks, each containing 100 ml. of Richards’ solution, were inoculated 
with the organism and incubated at room temperature for three months. 
Owing to evaporation during incubation, the pooled culture filtrates totaled 
only 835 ml. Small volumes of the culture filtrate were extracted with an 
equal volume of petroleum ether in a separatory funnel. The petroleum 
ether was removed, and the culture filtrate was again extracted with a sec- 
ond quantity of petroleum ether of equal volume. The petroleum ether solu- 
tions were pooled, and the solvent was removed by evaporation just to 
dryness over an electrical heater. The residue consisted of an amorphous 
colorless material and an orange colored oil. This residue was washed several 
times with ether, which removed almost all of the colored material and a 
considerable quantity of the colorless solid. The resulting residue of ether- 
insoluble substances consisted of a few milligrams of colorless apparently 
amorphous material, which would not crystallize from a small volume of 
petroleum ether. It melted at approximately 70° C., well below the reported 
melting point of fusarinic acid, which is 108-109° C. (Yabuta, Kambe & 
Hayashi 1934). 

Because of the possibility that a small quantity of fusarinie acid might 
be present in the material isolated, an alcoholic solution of this material 
was examined spectrophotometrically for the absorption due to the pyridine 
nucleus at 260-265 my. A sample of nicotinic acid was examined for pur- 
poses of comparison. The results demonstrated that fusarinie acid was ab- 
sent. This would apparently indicate that fusarinic acid was not produced 
by F. oxysporum var. nicotianae under the conditions of this experiment. 

Discussion. The nutritional versatility of the tobacco wilt Fusarium, 
as shown by its ability to grow in a wide variety of synthetic media, is in 
general agreement with the findings reported for other species of the genus. 
The great majority of the sugars tested proved to be good carbon sources. 
Even certain pentoses such as xylose, which is not a particularly favorable 
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earbon source for many fungi, supported excellent growth of F’. oxysporum 
var. nicotianae. Of the sugars tested, only D-arabinose, lactose and melibiose 
proved to be inadequate for reasonable growth. Three-carbon compounds 
such as glycerol, glyceraldehyde, phosphoglyceric acid and glycerophosphate 
were poor carbon sources, as were the sugar alcohols other than inositol. 
Xylose and maltose gave rise to a greater amount of growth than any other 
sugars, but when comparisons were made upon the basis of the amount of 
sugar consumed, fructose surpassed both of these sugars in the efficiency 
with which it is converted into cellular material. D-arabinose, lactose and 
melibiose, in which growth was poor, are characterized by very low economic 
coefficients. 

Although the tobacco wilt Fusarium can utilize nitrate or ammonium 
nitrogen, growth is far greater when the nitrogen is provided in the form of 
certain amino acids. Aspartic acid was the best nitrogen source studied, but 
glutamic acid and f-alanine were only slightly inferior. The superiority of 
aspartic acid as a nitrogen source for F. oxysporum was noted by Anderson 
and Emmart (1934). Sulphur containing amino acids are notably inferior 
nitrogen sources for the tobacco wilt Fusarium. 

Ribonucleie acid, uric acid, and 2,6-diaminopurine proved to be the best 
of 34 nucleic acid derivatives and related compounds tested as nitrogen 
sources for F. oxysporum var. nicotianae, though none of these was com- 
parable to the best of the amino acids. All of the pyrimidines tested were 
poor nitrogen sources. In contrast, the purines were good nitrogen sources, 
with uric acid and 2,6-diaminopurine being especially favorable for growth. 
The purine degradation products, allantoin and urea, like the purines, were 
good nitrogen sources, but the methylated purines were very poor. 

The purine nucleosides and nucleotides were comparable to the free 
bases in their effects upon the growth of F. oxysporum var. nicotianae. With 
regard to the pyrimidine derivatives, however, the nucleosides, cytidine and 
uridine, are considerably better than the corresponding nucleotides, eyti- 
dylic acid and uridylic acid, which are in turn better than cytosine and 
uracil. The findings with pyrimidines, purines, purine degradation products 
and methylated purines are in general agreement with data obtained on 
Neurospora sitophila (Wolf 1953). However, 2,6-diaminopurine, which is 
an excellent nitrogen source for Fusarium, completely inhibits growth of 
Neurospora. In Fusarium, there are no great differences between the free 
purines, on the one hand, and their nucleosides and nucleotides on the 
other, as are found in Neurospora. A different pattern of utilization of the 
pyrimidines and their nucleosides and nucleotides is also discernible in the 
two organisms. Little difference between the utilization of uracil, uridine, 
and uridylic acid was noted in Neurospora, while marked differences are 
apparent in Fusarium. The utilization of cytidine and uridine by Fusarium 
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surpasses that of cytidylic and uridylic acids to a significant degree, while 
in Neurospora this is not the case. Ribonucleic and desoxyribonucleie acids 
are utilized equally well by Neurospora, while ribonucleic acid is a much 
better nitrogen source for the tobacco wilt Fusarium. It seems probable that 
future investigations may disclose as many differences in the utilization of 
nucleie acid derivatives by various fungi as are already known concerning 
their utilization of amino acids. 

With respect to the observation that growth of F. oxysporum var. nico- 
tianae in shake cultures is yeast-like, a similar finding has been reported by 
Burkholder and Sinnott (1945) in an unnamed species of Fusarium. It 
would be of interest to determine what physiological alterations accompany 
the morphological changes induced by shake cultures. The tobacco wilt 
Fusarium appears to be unlike many fungi in growing better in stationary 
than in shake cultures. 

The production of aleohol in considerable quantities in stationary eul- 
tures indicates that the metabolism of the organism is like that of other 
Fusaria in being primarily fermentative. It would seem likely that alcohol 
might be present to a significant extent under the semi-anaerobic conditions 
prevailing in the internal tissues of diseased plants. 

The identification of rubrofusarin as the pigment produced by the to- 
bacco wilt Fusarium adds another name to the list of species known to form 
this substance, which includes F. oxysporum, F. culmorum and F. grami- 
nearum. 

The nature of the metabolite responsible for the production of wilting 
in diseased plants remains unknown. The evidence presented here would 
seem to indicate that fusarinie acid, known to be produced by F. hetero- 
sporum, Gibberella Fujikuroi, F. vasinfectum and F. lycopersici, is not 
formed by F. oxysporum var. nicotianae, so that this compound may be ex- 
cluded from future consideration. 


SUMMARY 


1. The tobacco wilt fungus, Fusarium oxysporum var. nicotianae, is able 
to utilize a wide variety of carbon sources. Xylose, ribose, mannose, glucose, 
levulose, galactose, maltose, sucrose, trehalose, cellobiose, raffinose, melezi- 
tose and dextrin are satisfactory carbon sources for growth. Levulose, xylose 
and maltose result in the formation of more mycelium per gram of sugar 
utilized than certain other sugars. D-arabinose, lactose and melibiose are 
poorly utilized. 

2. F. oxysporum var. nicotianae can utilize nitrate, ammonium or amino 
nitrogen. Growth on certain amino acids, notably aspartic acid, glutamic 
acid or B-alanine, is far superior to that obtained on inorganic nitrogen 
sources. Growth of the fungus was studied using 34 nucleic acid derivatives 
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as nitrogen sources. Ribonucleic acid, uric acid and 2,6-diaminopurine were 
the most effective, although none were comparable to the best of the amino 
acids. Purines, purine nucleosides and nucleotides, pyrimidine nucleotides, 
allantoin or urea were better nitrogen sources for this organism than methyl- 
ated purines, pyrimidines, or pyrimidine nucleotides. 

3. In shake cultures, F. orysporum var. nicotianae grows in a yeast-like 
fashion. 

4. Ethyl alcohol is a major metabolic product of glucose fermentation. 

5. In eulture filtrates a red water-soluble pigment is produced which 
has the properties of an indicator. This pigment has been identified as 
rubrofusarin. 

6. Attempts to isolate fusarinie acid (5-n-butyl picolinie acid) from 
culture filtrates were unsuccessful. 


The writer desires to express his appreciation to Dr. Arthur P. Harri- 
son, Dept. of Biology, Vanderbilt University, for assistance with the alcohol 
determinations, and to Mr. Paul Seott, Dept. of Chemistry, Vanderbilt Uni- 
versity and Dr. Mareus Hobbs, Dept. of Chemistry, Duke University, for 
carrying out the ultra violet spectrophotometric examinations of rubro- 
fusarin and fusarinie acid, respectively. 

VANDERBILT UNIVERSITY 

NASHVILLE, TENNESSEE 
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THE STATUS OF THE GENUS ANDERSSONIOPIPER 
TRELEASE 


T. G. YUNCKER 


In 1934, Trelease published a new monospecific genus of the Piperaceae 
founded on a collection made by N. J. Andersson in ** Panama’’ in 1852. This 
plant showed characteristics strongly in contrast with other American species 
of the family. The character noted by Trelease which prompted him to be- 
lieve that he had a new genus was the production of ‘‘flabellately umbellate 
axillary spikes.’’ The additional fact that the plant was dioecious was not 
mentioned in his description and presumably was not recognized by him. 
Had this character, coupled with the position and number of the spikes, 
been known, it is probable that Trelease would have come to some other 
conclusion relative to the relationship of Andersson’s plant. Dioecism is 
distinctly a character of Old World species while American species have 
perfect flowers. 

Trelease had some doubts regarding the accuracy of the data on the label 
with respect to the origin of the specimen, if not the validity of his new 
genus. He states: ‘‘ While this new genus is clearly distinguishable from all 
other known genera of Piperaceae, its rediscovery must be awaited with 
more than usual interest, because there are reported contradictions in the 
labeling of Andersson’s collections, so that while its characters are firmly 
established, the exact geographic source of the genus now named for him 
requires confirmation. ”’ 

In a review of the Panamanian species of the Piperaceae which I pre- 
sented in 1950, I somewhat reluctantly followed Trelease in his treatment 
of this entity. At that time I had not had the opportunity of examining the 
type specimen of Trelease’s genus. Recently, through the courtesy of the 
Botanical Museum, I have received on loan from Stockholm 8 sheets, all 
bearing what are obviously the same species and all with Andersson’s labels. 
One of these sheets is the one seen originally by Trelease. This sheet has on 
its label ‘‘Panama, Apr. 1852, N. J. Andersson’’ and ‘‘Pothomorphe’’ in a 
different handwriting. In addition, Trelease has added ‘‘ Anderssoniopiper 
panamense n. gen. & sp. W.T.’’ It was the custom of Trelease to annotate or 
initial all sheets which he examined but there is no evidence on any of the 
other 7 sheets that they ever were seen by him. There is a second sheet with 
the same data which has been annotated ‘‘Anderssoniopiper panamense 
Trel.’’ by someone but not in Trelease’s handwriting. The specimen seen 
by Trelease bears pistillate spikes while those on this second ‘‘Panama’’ 
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specimen are staminate. Four of the sheets have labels with ‘‘Tahiti, Sept. 
1852,’’ one has ‘‘Honolulu’’ without date, and the other has ‘‘Sidney, N. 
Hollandia, Oet. 1852.’’ 

These eight sheets are, without much doubt, to be considered as repre- 
senting Piper latifolium L. f. The four sheets carrying Tahiti as the locality 
are presumably properly labelled. It is highly doubtful if this species occurs 


in Panama as no subsequent collector, so far as known, has found anything 


like it there. It is not known from Hawaii where there are no indigenous 
species of Piper. It is also questionable if it was obtained in ‘‘N. Hollandia”’ 
Australia}. 

To the writer, there appears to be little doubt but that labels bearing 
the names of the various places visited by Andersson were indiscriminately 
attached to specimens presumably all obtained in Tahiti in September of 
1852. If this conclusion is correct, the genus Anderssoniopiper becomes an 
addition to the already rather lengthy list of synonyms of the genus Piper. 

For discussions of the nomenclatural status of the binomials P. latifolium 
L. f. and P. methystichum Forst. f., which have been confused by some writ- 
ers, see J. W. Moore, 1934, and A. C. Smith, 1943. 

DePauw UNIVERSITY 

GREENCASTLE, INDIANA. 
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STUDIES IN THE GENUS DODECATHEON OF 
ual NORTHWESTERN AMERICA 
y 
vars KATHERINE I. BEAMISH' 
ling , ae ee 
oul Dode catheon, a member of the family I rimulaceae, is a familiar part of 
ia”? the spring flora in some sections of British Columbia and surrounding areas. 
Representatives of the genus in the northwest are found along the coast 
ing islands and parts of the mainland from Oregon to Alaska. East of the Coast 
tely Range they cross southern British Columbia to Alberta and Saskatchewan. 
‘a Several of the species occur also in eastern Washington, Idaho, and Mon- 
’ tana, and some of them still farther south. Habitats vary from sea level to 
- high altitudes and from salt water marshes or the edges of mountain streams 
$e: to arid slopes where drought conditions prevail in summer, — 
r All species of the genus are perennial and spring-blooming. They have 
= basal leaves and simple scapes, each scape with an umbel of one to twenty- 
five flowers. The most striking floral characteristics are the reflexed perianth, 
the protruding stamens, and the scalloped marking on the corolla throat of 
almost every flower. 
The genus Dodecatheon in North America has been treated biosystemati- 
cally by Thompson (1953). He divides it into three sections, Purpureo-tubu- 
= losa, Capitulum, and Dodecatheon. Each section is subdivided into species 
61. and subspecies. Chromosome numbers, hybridization, and field studies have 


\m. all been used to aid in determining relationships. Thompson points out, how- 
ever, that these aids to classification have been most readily available for the 
section Purpureo-tubulosa as represented in California. Less intensive inves- 
tigations were made in the section Capitulum and the studies in the section 
Dodecatheon were limited mainly to herbarium specimens. The present 
paper offers new information coneerning all three sections as they occur in 
northwestern America. The findings reported are the result of field and 
herbarium studies, cytological examinations, and plant collections over a 
wide area. 

Methods. As the area covered is large, field work has been confined to 
southwestern and south central British Columbia and to one location in 
northern Washington. Most of the northwestern species and subspecies have 
been studied in their native habitats, some in a number of locations. Plants 
of all species dealt with and from as many populations as possible have been 
collected personally or contributed by interested friends whose help has been 
invaluable. The plants were grown in the botanical garden of the University 


1 Present address: Department of Genetics, University of Wisconsin, Madison, 
Wisconsin. 
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of British Columbia. The collections included the more eastern and northern 
species and subspecies which have not been observed in the field. Approxi- 
mately 800 pressed specimens have been studied in detail. These were kindly 
made available by the curators of the following herbaria: Provincial Mu- 
seum, Victoria, British Columbia (V) ; National Museum of Canada, Ottawa 
(CAN); Gray Herbarium, Harvard University, Cambridge, Massachusetts 
(GH); University of California, Berkeley (UC); University of Washing- 
ton, Seattle (WTU) ; University of British Columbia, Vancouver (UBC). 
Chromosome counts have been made for all of the northwestern species 
and the same species has been checked from as many locations as possible. 
Microsporogenous tissue proved to be the most satisfactory material for a 


TABLE 1. Chromosome counts for the northwestern species and subspecies of Dode- 
catheon, listed according to the type of cell division from which they were made. 


Mitotie Meiotice 


Species or Subspecies Locality (2n) (n) Fig. 
D. hendersonii subsp. Dunean, B. C. ea, 44 
hendersonii Victoria, B. C. ea. 44 1 
D. conjugens subsp. 
viscidum, eastern form Natal, B.C. 22 
D. frigidum Sable Pass, Alaska 22 2 
D. jeffreyi subsp. Stevens Pass, Wash. 22 5 
jeffreyi Prince Rupert, B. C. 43 6 
Vancouver Island, B. C. ca. 86 4 
Douglas Island, Alaska ea, 43 
D. dentatum subsp. 
dentatum Penticton, B. C. ea. 44 
D. cusickii Penticton, B. C. 22+1 
Princeton, B. C. 22 +1 8 
D. radicatum subsp. Mortlach, Sask. 22 7 
radicatum Fairmont Springs, B. C. ea. 44 
Duteh Creek, B. C. ca. 44 
D. radicatum subsp. Victoria, B. C. ca, 66 
macrocarpum Lulu Island, B. C. ca. 44 3 
Anchorage, Alaska ca. 44 


study of the chromosomes but even under the best conditions their small size 
and large numbers made exact counts difficult to obtain. Where flowers were 
not available, root tips were substituted. Two hours’ prefixation in paradi- 
chlorobenzene (Meyer 1945) contracted mitotic chromosomes sufficiently 
that they could be counted with reasonable assurance. For all counts aceto- 
carmine squashes were made from material fixed in a mixture of aleohol and 
acetic acid, 3:1. Ferrie chloride added to the aceto-carmine intensified the 
stain. 

Discussion of individual species. The systematic treatment of the genus 
Dodecatheon presented by Thompson covers adequately, as far as available 
information goes, most of the northwestern species. Evidence from the pres- 
ent study warrants only one immediate change though it reveals factors 
which may be the basis of future changes. 
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hern The species are discussed individually using, with one exception, the 
— nomenclature established by Thompson (1953). Chromosome counts obtained 
ndly are listed in table 1. 
Mu- Section Purpureo-tubulosa. 1. Dodecatheon hendersonii A. Gray subsp. 
ates hendersonw has been found in the northwest only along the coast and no 
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ilable farther north than southern Vancouver Island. Two colonies on Vancouver 
pres- Island, at Duncan and Victoria, are tetraploid with about 88 chromosomes 
actors (n= ca. 44, fig. 1). Pairing at meiosis is irregular as evidenced by the fre- 
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ports 44-, 66-, and about 132-chromosome populations of this subspecies in 
California. 

2. Dodecatheon conjugens Greene subsp. viscidum (Piper) H. J. Thomp- 
son is a taxonomic entity which may need future revision. According to 
Thompson it comprises two forms which he leaves unnamed, one in eastern 
Washington with heavy glandular pubescence throughout and one in 
‘‘Canada and western Montana’’ with glandular pubescence only on the 
leaves and lower scape. The evidence against Thompson’s treatment of the 
two forms is given below. 

The western form, to which the name D. viscidum was first applied, was 
described by Piper (1901) from Spangle, Washington. It bears many of the 
characteristics of D. conjugens subsp. conjugens, including dark purple 
anthers 6.0—7.0 mm. long, but the densely glandular-pubescent inflorescence 
is that of D. cusicki. Piper’s D. viscidum is apparently uncommon since few 
examples of it appeared in the hundreds of specimens examined, and those 
few were all from a small area around the type locality (map 1). Finally, 
the original D. viscidum oceurs where D. conjugens subsp. conjugens and D. 
cusickui overlap in range. It may well be only a sporadically-occurring hy- 
brid between the two. The chromosome number is unknown. 

The eastern form of Thompson’s D. conjugens subsp. viscidum is un- 
doubtedly the taxon D. pubescens described by Rydberg (1900) from Mon- 
tana and included by Thompson under subsp. viscidum. It has yellow-tipped 
anthers 4.5-5.5 mm. long and only scattered hairs in the inflorescence. It 
covers a wide range in Montana, southeastern British Columbia, southern 
Alberta, and southwestern Saskatchewan (map 1). This form is undoubtedly 
a subgroup of D. conjugens though possibly unrelated to Piper’s D. visei- 
dum. Representatives from Natal, British Columbia, have 44 chromosomes. 

In spite of differences between the two forms in morphology and range 
only field and cytogenetic studies can determine with certainty the relation- 
ships within Thompson’s D. conjugens subsp. viscidum. 

3. Dodecatheon frigidum Cham. & Schlecht. occurs in Alaska, Yukon, 
and northern British Columbia. It has been reported also from the Asiatic 
coast (Gray 1876). Plants from Sable Pass, McKinley Park, Alaska, possess 
44 chromosomes (n = 22, fig. 2). Thompson reports 44 as the somatic number 
for specimens from one location on the north slope of the Brooks Range, 
Alaska. 

Section Capitulum. 1. Dodecatheon jeffreyi Van Houtte subsp. jeffreyi 
ranges in the northwest from Montana, Idaho, and Washington via the 
British Columbia coast to Alaska. Plants from Stevens Pass in Washington 
are diploid with 44 chromosomes (n = 22, fig. 5). Thompson has found this 
subspecies to be diploid also in California though there it has 42, 44, or 
occasionally 43 chromosomes. Plants from a colony on Vancouver Island, one 
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at Prince Rupert, British Columbia, and one on Douglas Island, Alaska, are 
tetraploids. Those from Prince Rupert have 86 chromosomes (n = 43, fig. 6). 
The pairing during meiosis is very regular. Approximately the same numbers 
of chromosomes were found in the material collected at the other locations 
(Vancouver Island, fig. 4). Morphologically the plants of the various colo- 
nies are not consistently different in spite of the difference in degree of poly- 
ploidy. Aware of diploids only in this group, Thompson treats D. jeffreyi 
subsp. jeffrey? as one large variable taxon. The additional evidence of poly- 
ploidy presented here is not considered sufficient basis without consistent 
morphological differences for subdivision of the unit. 


Figs. 5-8. Photomicrographs of meiotic divisions in Dodecatheon species and sub- 
species, x 980. Fig. 5. D. jeffreyi subsp. jeffreyi, Stevens Pass, Wash., n=22. Fie. 6. 
D. jeffreyi subsp. jeffreyi, Prince Rupert, B. C., n=43. Fie. 7. D. radicatum subsp. 
radicatum, Mortlach, Sask., n=22. Fie. 8. D. cusickii, Prineeton, B. C., n= 2241. 


Section Dodecatheon. 1. Dodecatheon dentatum Hook. subsp. dentatum 
is found east of the Western Cordillera in Washington, Idaho, and southern 
British Columbia. Specimens from Penticton, British Columbia, have ap- 
proximately 44 chromosomes. This number is in agreement with that re- 
ported by Thompson (1953) for plants from Chelan County, Washington, 
and from Multnomah County, Oregon. 


2. Dodecatheon cusickit Greene grows most commonly in British Colum- 
bia, Washington, and Idaho between the Western and Eastern Cordillera. It 
has been found also in Montana on the eastern side of the mountains. Thomp- 
son has found 44 chromosomes in specimens from Whitman County, Wash- 
ington. Plants from Penticton and Princeton, British Columbia, have as a 
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rule 45 chromosomes (n = 22 + 1, fig. 8). An occasional cell undergoing meio- 
sis has what appears to be 23 pairs plus 1 univalent. The discrepancy may 
be due to the precocious separation of one pair. 

3. Dodecatheon radicatum Greene as treated here includes three sub- 
species, two of which are common in the northwest: 3a. D. radicatum suusp. 
radicatum. Anthers 3.5—5.0 mm. long, about twice as long as the filaments, 
plants of the Rocky Mountains and eastern regions. 3b. D. radicatum subsp. 
macrocar pum. Anthers 5.5-7.0 mm. long, more than twice as long as the fila- 
ments, plants of the Pacific Coast. 

3a. Dodecatheon radicatum Greene subsp. radicatum is found in the 
northwest east of the main axis of the Western Cordillera (map 2). One her- 
barium specimen, Eastwood 84, May 20, 1914, from Moosehide, Yukon Terri- 
tory, is classed as D. radicatum subsp. radicatum because of its floral char- 
acteristics. Its apparent isolation from other populations of the same sub- 
species may be due only to lack of collections in the intervening area. The 
population from which it comes is unknown cytologically. Plants of three 
colonies from which chromosome counts have been made are all diploids. 
Specimens from Mortlach, Saskatchewan, possess 44 chromosomes (n = 22, 
fig. 7). Those from Fairmont Springs and Dutch Creek, British Columbia, 
each proved to have approximately 44. 

3b. Dodecatheon radicatum Greene subsp. macrocarpum (Gray) 
Beamish, comb. nov. Dodecatheon Meadia L. var. macrocarpum Gray. Geol. 
Surv. Cal. Bot. 1: 467, 1876. Dodecatheon macrocarpum (Gray) Knuth. 
Pflanzenreich 4: 241, 1905. Dodecatheon superbum Pennell and Stair. Bar- 
tonia 24: 20, 1946. Dodecatheon macrocarpum (Gray) Knuth var. alas- 
kanum Hulten. Fl. Alaska and Yukon 8: 1289. 1948. 

Thompson (1953) considers the two subspecies of D. radicatum (3a and 
3b) as both belonging to the former taxon, D. radicatum subsp. radicatum. 
His decision is based on morphology alone. The present investigation has 
disclosed that the Pacific Coast populations are polyploid in contrast with 
the diploid condition of the inland representatives. Specimens from Vic- 
toria, Vancouver Island, have approximately 132 chromosomes (n = ea. 66) ; 
those from Lulu Island, near Vancouver, and from Anchorage, Alaska, have 
approximately 88 chromosomes (n = ca. 44, Lulu Island, fig. 3). Still, the 
two subspecies together would form a large and variable group comparable 
to D. jeffreyi subspecies jeffreyt. However, in addition to the difference in 
degree of polyploidy within D. radicatum there is also a small but consistent 
difference in stamen morphology between coast and inland populations. The 
total evidence suggests that the polyploids have become geographically 
separated from the diploids and have begun to differentiate from the parent 
species. 

For D. radicatum subsp. radicatum, Thompson has given a detailed de- 
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scription which holds also for D. radicatum subsp. macrocarpum except for 


the difference in stamen morphology noted in the key above. 

Neotype: Dall s.n., June 2, 1874, Middleton I., Alaska. 

Type locality: from Alaska southward. 

Distribution; along the coast and on the coast islands from Oregon to 
Alaska (map 2). 

Representative specimens examined: ALASKA. Juneau, Frohne, 4965 
(UBC); Eklutna Flats, Frohne 4945 (UBC); Deep Bay, Admiralty L., 
Eyerdam 3016 (UC); Raspberry I., Kodiak group, Eyerdam 3683 (WTU, 
CAN); Cordova, Eyerdam s.n., Aug. 1932 (WTU) ; Seward, Anderson 6745 
(CAN) ; Middleton I., Alaska Terr., Dall s.n., June 2, 1874 (neotype, GH.). 
BRITISH COLUMBIA. Limestone I., Queen Charlotte I., Neweombe s.n., 
June 19, 1913 (UBC) ; Larson Harbor, Banks I., McCabe 7329 (UC) ; Cal- 
vert I., MeCabe 4082 (UC); Sayward, Vancouver I., Krajina s.n., June 3, 
1950 (UBC) ; Millstream, Nanaimo, Macoun s.n., July 1, 1914 (V) ; Alberni, 
Vancouver I., Henry s.n., June 26, 1916 (UBC); Lulu I., Beamish 49102 
(UBC) ; Uplands, Victoria, Beamish 49101 (UBC) ; Comox, Anderson s.n., 
May 18, 1899 (V). WASHINGTON. American Lake, Todd s.n., May 11, 
1908 (WTU); GoosesRock, Whidbey I., Smith 66 (UC); Lummi Rocks, 
Muenscher 9720 (UC, WTU, UBC). OREGON. Columbia R. near Mult- 
nomah Falls, Anderson s.n., May 8, 1936 (UC). 

Nomenclature in the subspecies macrocarpum has presented a problem. 
The taxon was first described by Gray (1876) as D. meadia var. macrocar- 
pum. No type was designated but after the description Gray stated: 

—A form which may be referred here, with laciniately-toothed spatu- 

late leaves, was collected on the mountains of Ventura Co., Brewer. 

On a label which reads ‘‘Syn. Fl. N. Amer.’’ Brewer’s specimen from the 
Gray Herbarium has been annotated, presumably by Gray, D. Meadia var. 
macrocarpum, laciniatum. Clearly Gray considered this specimen to be an 
anomaly in the taxon or at best a form of var. macrocarpum. Another speci- 
men from the Gray Herbarium, Dall s.n., June 2, 1874, Middleton I., Alaska 
Terr., has been annotated on a similar label by the same hand simply D. 
Meadia var. macrocarpum. 

Thompson (1953) has chosen the Brewer specimen as the type of D. 
meadia var. macrocarpum and because he identified this specimen as D. 
clevelandii subsp. sanctarum of California, the epithet macrocarpum was 
placed in the synonomy of that group. Thompson’s identification of Brewer’s 
specimen is undoubtedly correct but his choice of the specimen as the type of 
D. meadia var. macrocarpum apparently results from a misinterpretation of 
Gray’s written words. Therefore, under Article 18 bis of the International 
Code of Botanical Nomenclature, the Dall specimen from Middleton Island 
has been chosen as the neotype and the epithet macrocarpum has been re- 
tained. 
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3c. Dodecatheon radicatum Greene subsp. watsonii (Tidestrom) H. J. 
Thompson is found at high elevations. One population of small alpine plants 


has been observed on Mt. Copley, Vancouver Island. On the basis of morphol- 
ogy alone this group has been identified by Thompson as D. radicatum subsp. 
watsoni. 

Discussion. The genus Dodecatheon is a polyploid complex ranging over 
a large part of North America. Its polyploidy was established by Thompson 
(1953) on the basis of chromosome counts for the western species, chiefly 
Californian, and three counts for northwestern species. It is now confirmed 
by additional counts for the northwestern species. Thompson reports di- 
ploids, triploids, tetraploids, and hexaploids in California. Diploids, tetra- 
ploids, and hexaploids occur in the northwest but no triploids have as yet 
been found. 

According to present information the distribution of polyploidy in the 
northwest follows a definite pattern. Diploids occur east of the Western 
Cordillera. These include D. conjugens subsp. viscidum, D. jeffreyi subsp. 
jeffreyi, D. dentatum subsp. dentatum, D. cusickii, and D. radicatum subsp. 
radicatum. Polyploids follow the coast and the coastal islands from northern 
Oregon to Alaska. In this group are D. hendersonii subsp. hendersonu, D. 
jeffreyi subsp. jeffreyt, and D. radicatum subsp. macrocarpum. The chromo- 
some number for D. radicatum subsp. watsonti is undetermined. Only the 
diploid D. frigidum, with its distribution over both coastal and inland areas 
of the far northwest, is known to vary from the pattern. 

Two points of interest, both of which are evident in Thompson’s work, 
are emphasized in the present study : 

1. Polyploidy alone has had little effect on morphology. D. jeffreyi subsp. 
jeffreyi, diploid and tetraploid, forms one large variable group lacking suffi- 
ciently distinctive populations to warrant subdivision. The diploid D. radi- 
catum subsp. radicatum and the polyploid D. radicatum subsp. macrocar- 
pum are as yet morphologically differentiated in only a minor way. More- 
over, the tetraploid and hexaploid populations of D. radicatum subsp. macro- 
carpum present no consistent visible differences. 

2. Small variations in chromosome numbers likewise produce no out- 
standing morphological effects. D. jeffreyi subsp. jeffreyt again serves as one 
example. The 44-chromosome diploid of Stevens Pass, Washington, and the 
43-pair tetraploid of Prince Rupert, British Columbia, differ not only in 
degree of polyploidy but also in their basic complement. Yet they are not 
morphologically distinct. 

D. cusickii is a second example. Plants from two locations in British 
Colambia have one extra univalent chromosome which is evidently missing 
from the 22-chromosome population occurring in Whitman County, Wash- 
ington (Thompson 1953). Yet D. cusickii is morphologically a reasonably 
uniform species. 
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Sufficient cytological work has been done in the genus Dodecatheon to 
show that many alterations in chromosome numbers have occurred. The 
changes run from gain or loss of a single chromosome to duplications of 
whole complements. The effects of such changes are not morphologically dis- 
tinctive. Perhaps they lie in the provision of isolation between populations, 
either mechanical isolation through spread of certain groups to new terri- 
tories or genetic isolation through inability of adjacent populations to pro- 
duce fertile hybrid. plants. Only cytogenetic studies can now determine in 
greater detail the present relationships and the possible course of speciation 
within the genus. 

SUMMARY 


1. The genus Dodecatheon in northwestern America is a polyploid com- 
plex ranging over a large part of British Columbia and surrounding areas. 

2. Field and herbarium studies, plant collections, and cytology have re- 
vealed factors pertinent to the present classification of the genus. These fae- 
tors have been discussed. 

3. One new combination, D. radicatum subsp. macrocarpum, has been 
established. 

4. Chromosome numbers have been listed in table form. 

5. The diploids occur east of the Western Cordillera; the polyploids 


along the coast and coastal islands from northern Oregon to Alaska. Only the 


diploid D. frigidum of the far north has both coast and inland distribution. 
6. Changes in chromosome number, either of single chromosomes or of 
whole complements, are not always correlated with morphological distinc- 
tion. They may serve as isolating mechanisms in the process of speciation. 
Sincere gratitude is expressed for the assistance and advice of Dr. V. C. 
Brink and Dr. T. M. C. Taylor under whose guidance the author worked as a 
graduate student. 
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THE CYTOLOGY OF XANTHISMA TEXANUM D. C. 
Il. ADDITIONAL CHROMOSOME TYPES' 


E. R. Wirkus, T. J. Lowery & C. A. BERGER 


Populations of Yanthisma texanum D.C., were reported (Berger & Wit- 
kus 1954) to contain two types of plants. One type had 4 bivalents (fig. 1) 
at the first meiotic division and eight chromosomes in the cells of the shoot, 
while the other type had 5 bivalents (fig. 2) at the first meiotic division 
and ten chromosomes in the cells of the shoot. Both types had eight chromo- 
somes in the cells of the roots and were indistinguishable in external mor- 
phology. The extra, or supernumerary, chromosome was visibly different 
from the other four chromosomes of the haploid set and was designated 
Chromosome V. 

Further studies have revealed three additional types of plants, one 
having 4 bivalents and 1 univalent at meiosis (fig. 3), another having 5 
bivalents and 1 univalent (fig. 4) and the third a tetraploid with 9 biva- 
lents (fig. 5). The frequency of these types in a population of 100 unse- 
lected plants was as follows: 35 plants had 4 bivalents; 32 had 5 bivalents; 
27 had 4 bivalents and 1 univalent; 5 had 5 bivalents and 1 univalent; and 
1 had 9 bivalents.* This plant was evidently a tetraploid form of the 4 biva- 
lent and 1 univalent type. The seeds produced by these different type plants 
were fertile with the exception of the nine bivalent plant. Apparently the 
presence of the supernumerary chromosome does not impair the fertility 
of the seeds. On the other hand the seeds obtained from the polyploid plant 
were all sterile. Figure 7 shows the size difference between the viable seeds 
of a 4 bivalent and 1 univalent plant and the much smaller sterile seeds of 
the polyploid. em, 

All of these types of plants, except the tetraploid, had 8 chromosomes in 
the cells of the roots. In the plants with the supernumerary chromosomes 
occasional root cells were found with 9 or 10 chromosomes. These cells 
never constituted more than about 2% of the dividing cells and they were 
most frequent in the 5 bivalent and 1 univalent plants. They probably rep- 
resent cells in which the process of chromosome elimination failed in early 
development.® Similar slight variations in chromosome number were found 
in the shoot with about the same frequency. These variations always in- 
volved only the supernumerary chromosomes. 





1 This investigation was aided by a Grant (G1149) from the National Science Foun- 
dation. 

2 Recently a single plant of another type has been found with 6 bivalents (fig. 6). 

8 The data on variation in chromosome number is largely the work of R. T. Cronin 
contained in his unpublished M.S. Dissertation (Fordham 1955). 
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Microsporogenesis. In the 4 bivalent and in the 5 bivalent plants, 
microsporogenesis was normal in all respects. In 4 bivalent and 1 univalent 
plants the meiotic behavior of the univalent was different in different 
anthers. In some anthers all the cells showed the univalent undergoing a 
reductional division, i.e. passing undivided to one pole (fig. 8). In other 
anthers the univalent lagged somewhat at anaphase I and in some eells it 
divided equationally (figs. 9 & 10) while in others it passed undivided to 
one pole (fig. 11). Rarely single anthers were found in which the univalent 
not only lagged (fig. 12) but was eliminated at the first division (fig. 13) 
and was present as a micronucleus during the second division (fig. 14). 
When this condition was found it was present in most of the microsporo- 
cytes of that anther. In 5 bivalent and 1 univalent plants the three super- 
numerary chromosomes usually formed one bivalent and one univalent 
(fig. 15). Usually the univalent passes undivided to one pole. Occasionally 
the three supernumeraries were present as a trivalent or as three univalents 
(fig. 16). 

A study of microsporogenesis in the tetraploid plant revealed many 
multivalent associations at diplotene and diakinesis. Of 200 cells studied, 
64% had nine bivalents (fig. 5); 15% had seven bivalents and one quad- 
rivalent (fig. 17) ; 8% had five bivalents and two quadrivalents (fig. 18) ; 
5.5% had three bivalents and three quadrivalents (fig. 19); 4% had four 
quadrivalents and one bivalent (fig. 20) ; 2% had six bivalents, one quad- 
rivalent and two univalents (fig. 21); .5% had five bivalents, two triva- 
lents and two univalents; .5% had six bivalents, one trivalent and three 
univalents; and .5% had eight bivalents and two univalents. The multi- 
valent associations always involved the four chromosomes present in 4 
bivalent plants. The supernumerary chromosome, Chromosome V, was never 
involved in a multivalent association. In spite of the frequent multivalent 
associations at diplotene and diakinesis, separation at Anaphase I was nor- 
mal and nine univalent chromosomes moved to each pole. Rarely the super- 
numeraries lagged at Anaphase I and formed micronuclei. 

Pollen grain divisions. The first pollen grain division in the tetraploid 
as well as in the other types occurred after the tetrads had separated and 
each cell had acquired a thick spore wall. The divisions were normal in all 





Figs. 1-15. All figures except figure 7 are photomicrographs of aceto-orcein smear 
preparations of microsporocytes in various stages of division from the different plant 
types of Xanthisma texanum. Magnification x 1500. Fie. 1. 4 bivalents. Fig. 2. 5 biva- 
lents. Fig. 3. 4 bivalents and 1 univalent. Fig. 4. 5 bivalents and 1 univalent. Fie. 5. 
9 bivalents. Fic. 6. 6 bivalents. Fie. 7. Fertile seeds of 4 bivalent and 1 univalent 
plant and sterile seeds of the tetraploid plant with 9 bivalents. Fie. 8. Univalent under- 
going reduction. Figs. 9 & 10. Univalent dividing equationally. Fie. 11. Univalent 
undergoing reduction. Fic. 12. Lagging univalent. Fie. 13. Elimination of univalent. 
Fie. 14. Univalent micronucleus. Fie. 15. The supernumeraries as 1 bivalent and 1 
univalent. 
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respects including the behavior of the supernumerary chromosome. 

Adventitious roots. Cuttings were made of the shoots of the different 
plant types and the adventitious roots studied to determine their chromo- 
some content. In the case of the diploid types of plants the adventitious 
roots had the same chromosomal conditions as present in the shoot. In the 
tetraploid plant, however, of the seventeen roots studied six had sixteen 
chromosomes in all their cells (fig. 22) and eleven had eight chromosomes 
(fig. 23). It was concluded that the tetraploid plant was a mosaic of diploid 
and tetraploid tissue. 

Embryos of the tetraploid plant. In studying the embryos produced on 
the tetraploid plant it was found that they were triploid. Of fifty embryos 
studied, thirty had a chromosome number of 13 and twenty had a chromo- 
some number of 14. The embryos with 14 chromosomes apparently arose 
from the union of diploid pollen grains with haploid egg cells containing 
five chromosomes. Similarly the embryos with 13 chromosomes probably 
resulted from the union of diploid pollen grains with haploid egg cells con- 
taining four chromosomes. 

In studying embryo development in this tetraploid plant it was found 
that some of the seeds were completely devoid of embryos. In many of these 
the primary endosperm nucleus increased greatly in size. During this en- 
largement the chromosomes are in a relic spiral and each terminates in a 
spherical vacuole (fig. 24). This condition persisted and was found in the 
mature, but inviable, seeds. In the early stages of primary endosperm 
nuclear enlargement the vacuoles stain with hematoxylin (fig. 24) while in 
later stages they fail to do so (fig. 25). Figure 26 is a photomicrograph of a 
cross section of an embryo sac through the enlarged primary endosperm 
nucleus. While this enlargement is in progress, the nutritive layer, usually 
one cell layer in thickness, becomes multilayered (fig. 26). In some embryo 
sacs the growth of the nutritive layer was so extensive that the embryo sac 
cavity was no longer evident. In these, the zygote or egg cell and the pri- 
mary endosperm nucleus or fusion polar nucleus and antipodal cells were 
crushed. In other cases, there is some evidence of the embryo sac, but the 
contained cells are crushed or disintegrate (fig. 27). 

In other embryo sacs apparently single fertilization rather than double 





Figs. 16-23. Photomicrographs of aceto-orcein smear preparations of microsporo- 
cytes and somatic cells in various stages of division. Magnification x 1500. Fig. 16. The 
supernumeraries as three univalents. Fig. 17. Seven bivalents and 1 quadrivalent. 
Fig. 18. Five bivalents and 2 quadrivalents. Fie. 19. Three bivalents and 3 quadrivalents. 
Fig. 20. Four quadrivalents and 1 bivalent. Fig. 21. Six bivalents, 1 quadrivalent and 2 
univalents. Fic. 22. Metaphase from an adventitious root showing 16 chromosomes. 
Fig. 23. Metaphase from an adventitious root showing 8 chromosomes. Fies. 24 & 25. 
Photomicrographs of iron alum hematoxylin stained sections of embryo saes of the tetra- 
ploid plant. Magnification x 1500. Fie. 24, Enlarging primary endosperm nucleus. 
Fig. 25. Very much enlarged primary endosperm nucleus. 
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fertilization had occurred, only the egg cell being fertilized. The growth of 
the embryo was never extensive in such cases. This type of development 
was also accompanied by an excessive growth of the nutritive layer. The 
fusion polar nucleus again increased greatly in size and showed the same 
abnormalities as described above. 

In a great majority of the embryo sacs double fertilization occurred 
(fig. 28) and both the zygote and the primary endosperm nucleus under- 
went successive mitotic divisions. Although these divisions were normal 
they were always accompanied by an excessive growth of the nutritive layer 
(figs. 29 to 31). The growth of the nutritive layer may or may not oeclude 
the chalazal pocket of the embryo sac. In any case the embryos fail to eom- 
plete normal development. In some embryo sacs the embryo may become 
quite advanced while enclosed by a single layer of nutritive cells. This 
nutritive layer completely encircles the whole embryo. This is unlike the 
nutritive layer in the normal embryo sae which remains open at the chalazal 
pocket (fig. 32). The age of the embryo at the time of disintegration varied 
in the different embryo sacs. Compare figures 29 and 31. The embryo in 
figure 29 is a 16-celled embryo and is undergoing disintegration. 

In one very interesting ovary of this tetraploid plant, a tumor was noted 
outside the embryo sac (fig. 33). The tumor consisted of a mass of very 
large cells derived from the integumentary cells. The normal integumen- 
tary cells in this region are highly vacuolated with a nucleus flattened 
against the cell wall. In the tumor the cells have increased greatly in size. 
The cell walls are more heavily thickened than those of the normal integu- 
mentary cells. The cell walls are unevenly thickened, resembling in this 
respect xylem vessels. Unlike the normal integumentary cells, these cells 
are filled with dense cytoplasm and the large nucleus is centrally located 
(fig. 34). The nuclei have many nucleoli. The development of this tumor 
could not be studied, since this was the only case noted. 

Discussion. Of the many reported cases of supernumerary chromo- 
somes, a few have many points of similarity with the supernumeraries of 
Xanthisma. In no instance, however, was the behavior identical with Xan- 
thisma in all respects. The case most similar to XYanthisma was reported in 
1940 by Janaki-Ammal. This investigator found supernumerary chromo- 
somes in Sorghum purpureo-sericeum. Forty out of 100 plants studied had 
these additional chromosomes. Twelve plants had one supernumerary, 20 





Figs. 26-29. Photomicrographs of iron alum hematoxylin stained sections of embryo 
sacs of the tetraploid plant. Fig. 26, Cross section showing enlarged primary endosperm 
nucleus and multilayered nutritive tissue. Magnification x 100. Fie. 27. Longitudinal 
section showing excessive growth of the nutritive tissue. Magnification x100. Fie. 28, 
Longitudinal section of embryo sac shortly after fertilization. Magnification x 400. Fie. 
29. Longitudinal section of embryo sae showing excessive growth of nutritive layer and 
disintegrating embryo. Magnification x 100. 
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had two, 5 had three, 1 had four, 1 had five and 1 had six. On examining 
the root tips of 20 plants belonging to these different groups no super- 
numerary chromosomes were found. It was suggested that the supernu- 
merary chromosomes must be lost in the early growth of the roots. Dar- 
lington and Thomas (1941) studied the same plant and found that the 
supernumerary chromosomes were heterochromatic and varied in structure 
within and between plants owing to frequent spontaneous changes includ- 
ing a misdivision of the centromere. This is unlike the condition found in 
Xanthisma in which ease all the supernumerary chromosomes are the same 
and are not heterochromatic. According to Darlington and Thomas the 
supernumerary chromosomes in Sorghum purpureo-sericeum are sex lim- 
ited. They are lost in the radicle before seed ripening and in the shoot tis- 
sues as they reach maturity. Only in the anthers and ovaries are they reg- 
ularly maintained. This again is in contrast to the condition as existing in 
Xanthisma. In Sorghum purpureo-sericeum the pollen grain divisions in 
plants containing the supernumerary chromosomes were abnormal. In these 
divisions the supernumerary chromosomes always passed to the generative 
pole undivided, thus increasing the number of such chromosomes in the 
generative nucleus. The vegetative nucleus undergoes extra divisions with 
the extra chromosomes always going to the generative pole. The extra divi- 
sions are malignant and result in the death of the pollen grains. In Xan- 
thisma the pollen grain divisions in all plant types were normal. 

Lewis (1951) reported supernumerary chromosomes in natural popula- 
tions of Clarkia elegans. The number of supernumerary chromosomes varied 
from one to six and their meiotic behavior was constant within any given 
plant. Pairing behavior in Clarkia indicates that there are at least two 
non-homologous supernumeraries ; when one of each is present they remain 
unpaired during meiosis. When two homologous supernumeraries are pres- 
ent they pair normally and behave as members of the basic set. In Yan- 
thisma the supernumeraries are all homologous. 

The type of sterility found in the tetraploid plant of Xanthisma tex- 
anum was reported by Brink and Cooper (1939) in Medicago sativa, fol- 
lowing inbreeding. This type of sterility was termed somatoplastic sterility 
by these authors and results from excessive growth of the nucellus and im- 
paired growth of the endosperm followed by embryo collapse. Cooper and 
Brink (1940) reported somatoplastic sterility following a cross between 
Nicotiana rustica and Nicotiana glutinosa. Sansome, Satina and Blakeslee 











Figs. 30-33. Photomicrographs of iron alum hematoxylin stained sections of em- 
bryo sacs. Fic. 30. Embryo sae of the tetraploid plant containing young embryo sur- 
rounded by multilayered nutritive tissue. Magnification x 100. Fig. 31. Later stage in 
embryo development. Magnification x 100. Fie. 32. Young embryo of a diploid type 
plant. Note single layered nutritive tissue. Magnification x 400. Fig. 33. Ovary showing 
tumor outside the embryo sac of the tetraploid plant. Magnification x 200. 
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(1942) reported seed failure in Datura stramonium after 4n x 2n crosses 
in which the 4n plant represented the female parent. These authors noted 
that the disintegration of the embryo was accompanied or preceded by the 
enlargement of the endothelial cells. These cells then divide actively in a 
plane tangential to the embryo sac as well as radially, so that the endo- 
thelium becomes multi-layered and sometimes entirely fills up the embryo- 
sac. Sometime, however, the endothelial cells disintegrate at the same time 
as or soon after the embryo sac contents. In the case of the tetraploid plant 
of Xanthisma texanum an overgrowth of the maternal somatic tissue was 
noted. Sansome, Satina and Blakeslee (1942) suggested that a chromo- 
somal unbalance might be responsible for somatoplastic sterility. In an 
embryo sac having the normal type of embryo sac development the chromo- 
somal ratio of embryo to endosperm to somatic tissue is 2: 3:2. Any devia- 
tion from this ratio may lead to post-fertilization failure. In the tetraploid 
plant of Xanthisma texanum the ratio is 3: 4: 2. 


SUMMARY 


1. Four new chromosomal types of Xanthisma texanum were found. 
Three of these types contained one, three and four supernumeraries respec- 
tively. The fourth was a tetraploid with two supernumeraries. 

2. Microsporogenesis in these types is described. 


3. The sterility of the tetraploid was studied and found to be due to 
‘somatoplastic sterility.’’ 
BroLoaicaL Lasporatory, ForpHAM UNIVERSITY 
New York 58, N. Y. 
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THE CYTOLOGY OF XANTHISMA TEXANUM D. C. 
III. DIFFERENTIAL SOMATIC REDUCTION’ 


C. A. Berger, R. M. McManon & E. R. Witxkus 


Earlier cytological studies of the composite, Xanthisma texanum, (Ber- 
ger & Witkus 1954, Witkus, Lowery & Berger 1955) showed that many 
plants of this species have a higher number of chromosomes in the cells of 
the shoot than in those of the root. Root cells of all plants have a diploid 
chromosome number of 8. Shoots of different plants have chromosme num- 
bers of 8, 9, 10, 11 and 12. In any individual plant the chromosome number 
of the shoot is highly constant for all the cells and is found in germ as well 
as in somatic cells. Numbers higher than 8 are due to a small supernu- 
merary chromosome, chromosome V, of which one, two, three or four may 
be present in the shoot cells of different plants. 

Since root cells never contain supernumerary chromosomes, it is obvious 
that they must be lost early in development. The supernumerary chromo- 
somes of XYanthisma differ from most other reported cases of supernumera- 
ries in that they are retained in the shoot but eliminated from the roots. 
This difference indicates a possible relation between the change in chromo- 
some number and the differentiation of root and shoot tissue. The embryos 
of all plants having one or more supernumeraries likewise contain one or 
more of these extra chromosomes. In such embryos the differentiation of 
root tissue is accompanied by an elimination of the supernumerary chromo- 
somes. This is a clear case of somatic reduction and one that is correlated 
with the differentiation of fundamental tissues. For the above reasons it 
was decided to investigate the early embryology of Xanthisma to ascertain 
when and by what means this reduction in chromosome number occurs. 


Materials and methods. Inflorescences from all types of plants were 
fixed in Craf fixative after a ten minute pretreatment with Carnoy’s 
solution. Individual flowers were dissected out in 70% alcohol and im- 
bedded separately. Longitudinal and cross sections were cut at 10 microns 
and stained in iron-alum hematoxylin and by the Feulgen technique. Aceto- 
orcein smear preparations were also made. 


Observations. The early divisions of the zygote showed the number of 
chromosomes characteristic of the shoot, i.e. the unreduced number, ineclud- 
ing the supernumeraries. This condition eontinued through the early spher- 


1 This investigation was aided by a Grant (G1149) from the National Science Foun- 
dation. 
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ical-embryo stage (fig. 1). In the late spherical-embryo stage (fig. 2), the 
first indication of reduction was seen in the presence of micronuclei in a 


few of the cells at the basal end. When the embryo attained the early heart- 


Fies. 1-4. Photomicrographs of iron alum hematoxylin stained sections of embryos 
of the diploid plant types of Xanthisma texanum with supernumerary chromosomes. 
Magnification x 400. Fig. 1. Young spherical embryo taken from a plant of the 5 biva- 
lent and 1 univalent type. Fig. 2. Slightly older spherical embryo of the 4 bivalent 
and 1 univalent type. An occasional micronucleus is visible in the basal portion of the 
embryo. Fig. 3. Young heart-shaped embryo taken from the same plant as figure 2. 
Micronuclei are very abundant in the basal portion of the embryo and not evident in the 
apical region. Fig. 4. Older heart-shaped embryo from a 4 bivalent and 1 univalent 
type plant. 
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shaped stage (fig. 3), micronuclei were found in the cytoplasm of many of 
the cells at the basal end. This condition continued into the late heart- 
shaped embryo (fig. 4). At this stage many of the cells in the basal, root- 
forming region had micronuclei present, while they are rare or absent in 
the young cotyledon and shoot tissue. 

A study of mitotie divisions during the transition from late-spherical to 
heart-shaped embryos revealed the mechanism by which the elimination is 
accomplished. The supernumeraries may fail to congress on the metaphase 
plate (fig. 5). At anaphase lagging of the supernumeraries is very common 
(figs. 6 to 9). They are left in the cytoplasm where they may persist for 
several division cycles as micronuclei (figs. 10 to 16). These micronuclei 
are Feulgen positive. 

Discussion. Cases of different chromosome numbers in root tips and in 
pollen mother cells had previously been found in Sorghum purpureo- 
sericeum (Janaki-Ammal 1940 and Darlington and Thomas 1941) and in 
Poa alpina (Miintzing 1946, 1948 and Hakansson 1948). Janaki-Ammal 
(1940) and Darlington and Thomas (1941) thought that the accessory 
chromosomes were lost in somatic tissue and restricted to the germ line. In 
the twenty plants studied by Janaki-Ammal no B-chromosomes were found 
in the root tips. The author suggested that the B-chromosomes were lost in 
early root development. Darlington and Thomas (1941) reported the absence 
of B-chromosomes in the roots of plants with varying numbers of B-chromo- 
somes. Since no B’s were found in the youngest root tips from seeds it was 
suggested by these authors that the chromosomes were lost in the early 
embryology of the plant. The chromosomes were also lost in the shoot and 
were retained only in the so-called germ line. Loss was attributed to an 
inadequacy of the centromere, delayed congression on the metaphase plate 
and lagging at anaphase with the resultant formation of micronuclei which 
were lost in the cytoplasm. 

Miintzing (1946 and 1948) in’a study of 300 plants of Poa alpina found 
the B-chromosomes lacking in the roots of potted plants. An occasional cell 
with B-chromosomes was found in the root tips. Miintzing did not deter- 
mine the time and place of elimination of the B-chromosomes. Hakansson 
(1948) studied the early embryology of Poa alpina to ascertain the time 
and manner of elimination of the B-chromosomes. Hakansson (1948) found 
that elimination of B-chromosomes was rare in developing embryos. Divi- 
sion stages in all parts of the embryo as a rule showed more than fourteen 
chromosomes. Only in the primary root of nearly mature embryos was there 
evidence of a more frequent elimination of B-chromosomes. Since no evi- 


dence of elimination was found in the embryos, primary roots from ger- 
minating seeds were investigated. These roots also had many B-chromosomes. 
This observation of Hakansson is in disagreement with the earlier obser- 
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vation of Miintzing that B-chromosomes were lacking in the roots of young 


seedlings. As suggested by Hakansson, this discrepancy may be explained 
by assuming that Miintzing studied adventitious roots while Hakansson 
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Figs. 5-16. Photomicrographs of cells taken from iron alum hematoxylin stained 
sections of embryos of Xanthisma texanum (Types with supernumerary chromosomes). 
Magnification x 1500. Fie. 5. Metaphase plate showing failure of congression on the 
plate. Fias. 6 to 11. Various mitotic stages showing lagging of the supernumerary 
chromosomes. Figs. 12-16. Cells showing micronuclei in the cytoplasm. 


used primary roots. It was also suggested by Hakansson that elimination 
occurs in the first divisions of the pericyele cells in the formation of adven- 
titious roots. 
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The tendency to mitotic elimination of supernumerary chromosomes in 
Xanthisma is similar to that occurring in Soghum purpureo-sericeum. The 
youngest roots of germinating seeds of Sorghum and Xanthisma have no 
supernumerary chromosomes. In both cases the supernumeraries have been 
lost during seed development. In Sorghum purpureo-sericeum the exact 
time and place of this elimination was not determined. In Xanthisma tezx- 
anum it occurs when root and shoot tissues are differentiated in the late 
spherical stage of the embryo. In young shoots of Sorghum a loss sometimes 
oceurs. As the shoot matures the rate of loss is increased. Inflorescences, 
filaments and glumes are littered with micronuclei while there is no elim- 
ination in parts that are going to produce germ cells. The anther walls 
and ovaries show an intermediate loss. They have rare micronuclei. The 
loss of B-chromosomes in different tissues of Sorghum during development 
has been attributed to a variation in the activity of the spindle. In Xan- 
thisma texranum the supernumerary chromosomes were regularly main- 
tained in the shoot. When adventitious roots of cuttings were studied they 
were found to have the supernumerary chromosomes indicating a retention 
of such chromosomes in older tissues of the shoot. 

Since the supernumerary chromosomes of Xanthisma have a perfectly 
normal mitotic behavior in the shoot, it cannot be said that their centro- 
meres are defective. 

Apparently the differentiation of root tissue in early embryology in- 
volves some factor or condition that makes it difficult or impossible for the 
supernumeraries to react normally with the spindle. 


SUMMARY 

1. Supernumerary chromosomes are present in all the cells of the young 
embryo up to the late spherical stage. 

2. At the transition from the late spherical stage to the heart-shaped 
embryo root and shoot tissues are differentiated. 

3. In the cells of the root tissue the supernumerary chromosomes are 
eliminated and are seen as micronuclei in the cytoplasm. 


4. Elimination is brought about by lagging of the supernumeraries at 
mitosis. 


BIOLOGICAL LABORATORY, FoRDHAM UNIVERSITY 
New York 58, N. Y. 
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A CONSIDERATION OF A NEW TYPE OF MEIOSIS 
(MIS-MEIOSIS) IN JUNCACEAE (LUZULA) 
AND HEMIPTERA 


EmiILio BaTTaGLiaA™ ? 


Some years ago (1945, 1950) the present author discussed most known 
types of meiosis and proposed an appropriate terminology for the different 
cases. More recently new exceptional meiotic chromosome mechanisms have 
been reported in the cytological literature, namely for Luzula (Juncaceae) 
by Noronha-Wagner and Castro (1952b) and for Hemiptera by Piza de 
Toledo (1946a, 1946c, 1946e, 1947e, 1950, 1953), and by Piza and Zamith 
(1946). In both cases a similar type of meiosis has been described, charac- 
terized by the apparent transverse breakage of chromosomes at first and 
second anaphases. This new chromosome mechanism of meiosis will be here 
eritically reviewed. 

Luzula campestris and L. nemorosa. The chromosomes of the genus 
Luzula are usually considered to possess the so-called ‘‘ diffuse centromere’’ 
or ‘‘ diffuse kinetocore.’’ At present there is a lack of uniformity of opinion 
regarding chromosomes with this type of centromere. Some cytologists con- 
sider them to be polycentric (Rhoades & Kerr 1949, La Cour 1953, God- 
ward 1954a, 1954b) while Piza (1939a—1953) believes them to be dicentric 
having two terminal centromeres. On the other hand, most authors believe 
that the chromosomes of these plants have a diffuse kinetocore (Hughes- 
Schrader & Ris 1941; Ris 1942; Brieger & Graner 1943; Federley 1943, 
1945; Schrader 1947; Lima-de-Faria 1949; Ostergren 1949; Brown 1950, 
1954; Nordenskidld 1951; Helenius 1952; Suomalainen 1953). Others hold 
that they simply lack a localized centromere (Malheiros, Castro & Camara 
1947) or that they completely lack a centromere (Castro 1950). The present 
writer prefers the terminology ‘‘multiple spindle attachments”’ or ‘‘ diffuse 
spindle attachments,’’ since the number and position of the spindle fiber 
attachments seem indefinite and perhaps variable. 

Meiosis in Luzula purpurea follows the post-reductional type of meiosis, 
as was clearly demonstrated by Malheiros, Castro and Camara (1947), and 
later confirmed by Berger (1949) and La Cour (1953). Other species of 
this genus have also been found to possess the post-reductional type of 
meiosis (Luzula campestris: Gardé and Malheiros-Gardé 1953; and Luzula 





1The author wishes to acknowledge his indebtedness to Dr. C. A. Berger for his 
criticism and assistance. 


2 Center of study of plant cytogenetics of the National Council of Research, Florence, 
Italy. Publication number 190. 
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silvatica: Michalska 1953). In contrast to the above reports, Noronha-Wag- 
ner and Castro (1952b) have claimed that in Luzula campestris and L. 
nemorosa the course of meiosis is as follows: 

During M I-A I bivalents place themselves perpendicular to the equa- 
torial plate. At the beginning of A I the four chromatids of each bivalent 
are pulled to the poles by opposed centromeric forces that seem to be located 
at their two ends. In this way they are stretched until they are forced to 
break in the middle. Following this rupture the 24 hemi-chromatids of each 
telophasic nucleus fuse two by two reconstituting 12 chromosomes. At sec- 
ond division the chromosomes undergo pairing again and at A II they be- 
have as at first division, the only difference being that now reduction takes 
place after hemi-chromatid fusion. . . . 

Noronha-Wagner & Castro (1952b) think that only isochromosomes 
lacking a localized centromere can behave in such a way and, moreover, 
suppose that it is the consequence of pairing between the two identical 
halves of the same iso-chromosome (Noronha-Wagner & Castro 1952b, p. 
161). This type of meiosis has been diagrammed in figure 2. In this drawing, 
and in the other figures, the numbers 1, 2, 3, ete. have been introduced to 
indicate a hypothetical series of loci on the chromosomes. From the numer- 
ical order of the loci the assumed isochromosome structure of the bivalents 
and subsequent changes in structure can clearly be followed. For the sake 
of simplicity, the possible results of crossing over have been omitted. Con- 
sidering the similar phenomenon of mis-division, I suggest the term mis- 
meiosis for this unique meiotic chromosome behaviour. 

A critical examination of the Noronha-Wagner and Castro report how- 
ever leads the author to doubt whether mis-meiosis occurs in Luzula cam- 
pestris and L. nemorosa. Such a conclusion is based on the following con- 
siderations : 

a) Metaphase chromosomes are highly spiralized. Their transverse 
breakage, as postulated in mis-meiosis, should be the last event of a pro- 
gressive despiralization attaining the crucial point at the middle of the 
chromosomes. The presence of anaphase bridges would be commonly seen 
in the last stages of such a division, and chromosome fragments should be a 
frequent feature of both first and second meiotic divisions. True bridges 
undoubtedly occur in Luzula purpurea (Castro & Mello Sampayo 1953). 
The bridges of Luzula campestris (Noronha-Wagner & Castro 1952b) how- 
ever are different in number, shape and position, and they seem to be the 
consequence of a high degree of chromosome stickiness. In other words, in 
the writer’s opinion, the bridges of Luzula campestris are a connection of 
the chromosome matrix (matrix connections) instead of true bridges. The 
irregularity and thinness of these bridges and also the presence of one or 
more blocks of chromosomal material in the middle region of the bridges 
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(Noronha-Wagner & Castro 1952, figs. 1 and 2) strongly support the above 
interpretation. Noronha-Wagner and Castro consider such blocks as ‘‘una 
retencao de substancia matriz.”’ 

b) The last named authors have also described meiosis in a plant of 
Luzula campestris showing one supernumerary heterochromatic chromosome 
(Noronha-Wagner & Castro 1952a). According to their report, at meiosis I, 
this accessory chromosome appears as a heterochromatic univalent and 
divides synchronously with the bivalents at anaphase. Chromosome be- 
haviour during meiosis II was not studied for lack of material. However it 
has been observed that only two of the four microspore nuclei showed a 
heterochromatic chromosome. 

The meiotic behaviour of this supernumerary heterochromatic chromo- 
some seems to show that mis-meiosis does not occur. Since only two of the 
four microspore nuclei possess one heterochromatic chromosome, the indi- 
eation is that each half of a univalent (that is the unit in movement at 
anaphase I) has not divided at anaphase II, and has been included in only 
one of the two nuclei of telophase II. On the contrary the writer thinks that 
the behaviour of univalents during a true mis-meiosis would be different 
and their derivatives distributed to all four spore nuclei (microspores) in- 
stead of two. A univalent (two sister chromatids) having the length U 
(unity) should distribute to each pole one pair of sister chromatids of 
length U/2. This would result from a broken univalent of length U. During 
interkinesis, or later, as a result ofythe fusion of the broken ends, one iso- 
chromosome of length U should arise, similar in size and shape to the iso- 
chromosomes produced by each half of the bivalents (two isochromosomes 
from each half of the bivalent). At anaphase II, such isochromosomes (hav- 
ing length U, as the other isochromosomes) will again undergo transverse 
breakage and consequently all telophase II nuclei will have chromosome 
derivatives of U/2 length. However the derivatives from bivalents will be 
able to restore the isochromosome structure by fusion of the broken ends, 
since they occur in pairs. On the contrary, derivatives of univalents should 
persist as a chromosome body of halved length (U/2). 

From the above considerations it is concluded that mis-meiosis probably 
does not occur in Luzula campestris and L. nemorosa. In this connection it 
may be mentioned that Malheiros-Gardé and Gardé (1951, p. 171) exam- 
ined the preparations of Noronha-Wagner and Castro and deduced that 
the post-reductional type of meiosis occurs in Luzula campestris. The same 
interpretation has also been suggested by the above cited authors (Gardé 
and Malheiros-Gardé 1953, p. 118-119) for meiosis in trisomic plants of 
Luzula campestris. In these plants (ef. also Noronha-Wagner and Castro 
1952a, 1952b) a supernumerary heterochromatic univalent was found to 
divide at anaphase I and its derivatives passively distributed at anaphase 
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Il, without division. More recently, Brown (1954) has also described 
meiosis in Luzula campestris. His description differs in that he considers 
the course of meiosis to be quite normal, that is according to the preredue- 
tional type of meiosis (prereduction). Noronha-Wagner and Castro (1952b) 
also report that their interpretation of meiosis in Luzula campestris and 
L. nemorosa was similar to the interpretation given by Piza (1946c) for 
meiosis in Corizus hyalinus (Hemiptera). This question will be discussed 
in more detail later. 

Hemiptera. Piza (1946a, 1946b, 1946c, 1953) described a form of mis- 
meiosis in Hemiptera similar to that reported by Noronha-Wagner and 
Castro except that in the Hemiptera studied the chromosomes are consid- 
ered to have a terminal centromere at both ends and the isochromosome 
structure. According to Piza’s scheme (1946c, fig. 7; 1953, figs. 16-22, 29, 
30) isochromosome dicentric bivalents undergo transverse division in the 
median region. (According to the writer’s opinion a more exact phrase than 
“**transverse division’’ would be ‘‘transverse breakage.’’) The unit in ana- 
phasic movement (A I) is a V-shaped chromosome complex with centromeres 
at the vertex. From the end of the first division to the metaphase of the 
second, the centromeres occupying the vertex of the V go apart from one 
another, making the chiasmata existing there slip to opposite extremities, 
and thus changing the V into an X. When the chiasmata reach the acentrie 
ends, the X is again converted into a V. The V of the second metaphase, 
therefore, differs from the V of the first anaphase, in being inverted, that is, 
in having the centromeres in the extremity of its arms, and no longer in the 
vertex as in the latter (Piza 1953, p. 183). 

In figure 1, for easier comparison with figure 2, the chromosome unit 
of metaphase II has been drawn in the shape it assumes immediately before 
anaphase, that is, with ‘‘I’’ shape instead of ‘‘X”’ or ‘‘V.’’ Obviously the 
units of anaphase movement (A II) must later restore their dicentricity: 
‘*Dicentricity of the chromosomes is ascribed to the division of the kineto- 
chore of the chromosomes reaching the poles followed by separation and dis- 
tention of the chromatids which remain fused at the acentric ends giving 
thus origin to terminally dicentric isochromosomes.’’ (Piza 1946a, p. 51.) 
The type of meiosis outlined in figure 1 is considered by Piza de Toledo as 
the general case of autosome behaviour for Hemiptera. Such a type would 
also occur in the species of Luzula investigated by Noronha-Wagner and 
Castro (1952a and b). It should be mentioned that Piza de Toledo con- 
siders practically all the examples of diffuse centromeres in the current 
literature as actually dicentric. From an examination of the text and figures 
of Piza de Toledo, the following five objections to the occurrence of mis- 
meiosis may be given: 


1) Lack of morphological evidence of chromosomal stretching to support 
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the idea of their transverse breakage. (see criticism of the first case of mis- 
meiosis. ) 


2) Failure to explain the general occurrence of an evident constriction 
at the breakage point, clearly visible at metaphase I. 

3) Lack of any proof of the abnormal persistence and behaviour of chias- 
mata between telophase I and metaphase II; 

4) Lack of evidence of the duplicity of chromosomes at anaphase II; 


5) Lack of evidence of the process restoring the isochromosome structures 
at the end of meiosis. In such a case the behaviour of the broken ends would 
be in conflict with the present knowledge of healing of broken chromosome 
ends. Another similar observation might also be pointed out concerning the 
behaviour of the centromere. 

It is evident from Piza de Toledo’s paper that he considers both mis- 
meiosis and dicentricity as phenomena of general occurrence for the 
organisms now known to have both regular meiosis (pre-reductional or post- 
reductional meiosis) and diffuse kinetochores. (Tityus bahiensis is an excep- 
tion in that it shows a regular meiosis, ef. Piza de Toledo 1939a, 1940, 1950, 
1953). It is clear that dicentricity in the classical sense of the presence of 
two normal centromeres, is not the case in Luzula purpurea, so carefully 
investigated by Malheiros, Castro and Camara (1947) and later confirmed 
by Berger (1949) and La Cour (1953). However in a recent paper Piza de 
Toledo (1950, p. 195-196) discusses precisely what he considers as a cen- 
tromere, including its physiological peculiarities. This will be discussed 
further. 

Chromosome dicentricity and bending. The Feulgen and oxyquino- 
line aceto-orcein techniques (Tjio and Levan 1950a, b) are well known cyto- 
logical methods for demonstrating the centromeres. As far as the author 
knows, neither of these methods has been used by Piza de Toledo to deter- 
mine the presence of terminal centromeres. On the contrary his essential 
proof of dicentricity has been the curving of anaphase chromosomes with 
both ends turned towards the corresponding pole. 

Assuming that spindle fibers are ‘‘traction fibers’’ (Cooper 1941; Corn- 
man 1944, 1951; Hughes and Swann 1948; Ris 1949; Schrader 1953), it 
naturally follows that chromosome bending is a result of chromosome flexi- 
bility and deformability. From this point of view anaphase | chromosomes 
having two-chromatids should be less flexible than chromosomes of ana- 
phase II, which consist of one chromatid. Hughes-Schrader and Ris (1941) 
investigating the coccid Steatococcus tuberculatus observed at meiosis I 
that ‘‘as the chromosomes approach the pole some bending of their ends 
toward the centriole occurs, . . . but this clearly involves no special locus; 
it seems rather to reflect the effect of pressure on the whole chromosome 
from the narrowing space of the polar cones’’ (Hughes-Schrader and Ris 
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1941, p. 434). This is in agreement with the author’s point of view. 
However it is also clear that the chromosomal curvature will reach its 
maximum at the completion of anaphase since the spindle fibers have ex- 


erted their traction forces. Rhoades and Kerr (1949) investigating the be- 
haviour of chromosome fragments induced in males of Tityus by X-ray 


treatments, have written concerning chromosome curving: ‘‘the turning of 
the ends towards the poles may be nothing more than an adaptation per- 
mitting the chromosomes (huge compared to cell size) to converge to the 
spindle poles and they may be polycentric’’ (Rhoades and Kerr 1949, p. 
131). This explanation does not differ substantially from that offered by 
Hughes-Schrader and Ris (1941). 

In all cases of the so called diffuse kinetochore the spindle fibers are 
spread with uniformity over the chromosome surface. As a result the num- 
bers of spindle fibers should be a function of the surface of the chromo- 
some. However it is evident that the extremities of the chromosome possess 
more surface than non-terminable parts having the same length. Thus in 
cases of diffuse centromere both the chromosome ends might show a greater 
number of spindle fibers than elsewhere. Therefore the ends might be sub- 
jected to greater traction than the rest of the chromosome, and as a result 
tie chromosome would assume the curved form described above. 

The dicentricity emphasized by Piza de Toledo, cannot be understood in 
the classical sense. He has clarified this point in a recent paper: 

‘‘The idea of a spindle organizing substance escaping from the centro- 
mere was exactly that which occurred to me in one of the first attempts to 
interpret the nature of the spindle (Piza 1939a, 1943a). The possible exist- 
ence of an active substance along the whole body of the chromosomes as 
admitted by Castro, Camara and Malheiros (1949) constituted the ground 
for an explanation | proposed for the presence of interjacent fibres in the 
polar side of Tityus chromosomes (Piza 1946). The sole difference between 
the point of view of the Portuguese investigators and my own is that the 
former consider the fibre producing substance as originating from the body 
of the chromosomes, while in my opinion and for the case of Tityus, this 
substance, coming out from localized peints (the centromeres), flows along 
the chromosome body’’ (Piza de Toledo 1950b, pp. 195-196). 

According to this interpretation it is evident that the dicentric chromo- 
somes of Piza de Toledo and chromosomes with the diffuse kinetochore both 
show spindle fibers attached to the entire body. It follows then that the 
question of curved ends discussed above loses any significance as a differen- 
tiation between dicentric and diffuse kinetochore chromosomes. The dicen- 
tricity assumed by Piza de Toledo is substantially based on a new type of 
centromere. It is a centromere having the peculiar property of producing 
a spindle organizing substance that flows along all the chromosome body. 
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(For a criticism of Piza de Toledo’s hypothetical spindle organizing sub- 
stance, see Schrader 1947, pp. 141-142; and Ostergren 1949). Starting 
from this supposition even only one centromere could give rise to the con- 
dition of ‘‘ diffuse centromere’’ (diffuse spindle fiber attachments). All the 
above considerations lead to the conclusion that at least for the present time 
the Piza de Toledo interpretation of dicentricity cannot be accepted. 

Consequences of mis-meiosis. The perpetuation of chromosome frag- 
ments is the most important property of organisms having a diffuse kineto- 
chore. Bridges, fragments, chromosomal races or better karyological 
biotypes characterized by different numbers have been observed in Luzula 
purpurea (Castro and Mello-Sampayo 1953). The multiple chromosome num- 
bers observed in this genus (agmatoploidy: Malheiros-Gardé and Gardé 
1950, 1951; endo-nuclear polyploidy: Nordenskidld 1951; pseudopoly- 
ploidy: Battaglia 1955b) also seem to be a result of the fragmentation phe- 
nomena. It is surprising to note that both Luzula purpurea and Tityus ba- 
hiensis have the same somatic, or better, zygotic number z=6 (Battaglia 
1955a). Also as in the genus Luzula, Tityus shows karyological races (2n: 
7, 8, 9, 10; ef. Piza de Toledo 1947a, c, 1948a, b, ¢) and karyotypes charac- 
terized by different number and by chromosomes having different sizes 
(Tityus serrulatus 2n: 12: Piza de Toledo 1947a, p. 173; Tityus trivittatus, 
2n: 14: Piza de Toledo 1948a; Tityus mattogrossensis 2n: 20: Piza de To- 
ledo 1947a, etc.). In this respect, the genus Tityus resembles Carex and 
other genera of Cyperaceae where fragmentation is believed to be the mech- 
anism for increasing the chromosome number (Malheiros-Gardé and Gardé’s 
agmatoploidy ). The condition ‘‘ diffuse kinetochore’’ is generally considered 
to occur in Luzula and Tityus and perhaps also occurs in all the genera of 
Juncaceae and Cyperaceae (Castro 1950; Malheiros-Gardé and Gardé 1950, 
1951; Nordenskidld 1951). In the Cyperaceae the diffuse kinetocore, more 
exactly the ‘‘lack of one localized centromere,’’ has been recently observed 
by Hakansson (1954) and the author (Battaglia 1954), specifically in 
Heleocharis palustris and H. uniglumis. In Hemiptera, among animals, 
and in Spirogyra, among algae, the hypothesis of the ‘‘diffuse kinetochore’’ 
has been accepted by many authors. Even in these organisms the varj- 
ability of chromosome number suggests the probable occurrence of the 
phenomenon of pseudopolyploidy (Battaglia 1955b) as a result of chromo- 
some fragmentation. Consequently it seems valid to deduce that chromo- 
some fragmentation plays an important role in the karyotypic evolution of 
organisms possessing a diffuse kinetochore. The author believes that nfis- 
meiosis does not take place in Luzula, Hemiptera, ete. However the hypo- 
thetical occurrence of this chromosome mechanism during meiosis must not 
be disregarded. 

Noronha-Wagner and Castro (1952b) pointed out that during anaphase 
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II of mis-meiosis the failure of the broken ends to fuse should result in a 
doubling of the chromosome number. Mis-meiosis however is a peculiar ab- 
normal type of meiosis that theoretically might give rise to several different 
chromosome structures and numbers (fig. 3). If a normal chromosome 
structure (not an isochromosome) and a chromosome length equal to U 
are assumed, then at anaphase I, when fusion of the broken ends occurs, 
isochromosomes of length U should be produced. On the contrary lack of 
such fusion should produce normal chromosomes of U/2 length. (This 
might result in the karyotype change, for instance, from the zygotic num- 
ber 2=6U to 2=12U/2; for z= zygotic number; g = gametic number: Bat- 
taglia 1955a). At anaphase II failure of fusion between broken ends might 
be repeated, producing chromosomes of U/4 length, and a karyotype change 
from z=6U to z=24U/4. The karyotypes z= 6U, z=12U/2, 2=24U/4, z= 
48U8, have been found in the genus Luzula (Nordenskidld 1951). Irregular 
karyotypes, that is those having chromosomes of different sizes (U/2, U/4, 
U/8) and not arithmetically multiple numbers, have also been reported in the 
genus Luzula. The same remarks on the karyotype morphology and the 
same occurrence of pseudopolyploidy might be applied in general to or- 
ganisms having ‘diffuse kinetochores.’’ Mis-meiosis would be a meiotic 
mechanism able to explain such cytological phenomena. However the author 
believes there is no proof at the present time for the actual occurrence of mis- 
meiosis in any organism. 
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The scheme represented in figure 3 is not comprehensive of all possible 
chromosomal behaviour during mis-meiosis. Thus for example monochro- 
matid isochromosomes produced at telophase I might break at anaphase II, 
instead of being passively transported to one or the other pole as repre- 
sented in figure 3. Otherwise, broken sister chromatids might pair, from 
telophase I to metaphase II, and disjoin at anaphase II, as can be seen in 
figure 3. The above considerations lead us to the conclusion that although 
mis-meiosis is at present not demonstrated with certainty in either plants 
or animals, it may represent a working hypothesis of remarkable interest. 
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New York 58, N. Y. 
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FieLp Tre Reports 


April 3. St. John’s in the Wilderness. A joint Torrey-Rockland Audubon group at- 
tended this annual service (see Torreya in Bull. Torrey Club 81: 460, 1954). The botanical 
activities preceding the service were limited because of the rain and they consisted of 
using live material to test sample the recent WINTER Key To Woopy PLANTS by A. H. 
Graves (reviewed in this issue). Attendance: Torrey 7, Rockland Audubon 7. Leader, J. 
Harry Lehr. 

April 23. Orange County, N. Y. The morning was devoted to such habitats as along 
a brook, a hillside exposure, and boulder outcroppings. Aquilegia canadensis was just 
coming into flower. The expected associates were seen and listed, 23 flowering species. 
Dentaria diphylla was contrasted with D. laciniata which is less common here, blue and 
white forms of Hepatica americana were admired. The lime-loving ferns Asplenium 
Ruta-muraria (A. eryptolepis Fern. in Gray’s 8th) and Camptosorus rhizophyllus were 
present. 

After lunch the plants of the leader’s garden were studied with equal profit, high- 
lights being Amelanchier arborea approx. 14” in diam., Magnolia stellata fully in flower 
(it escapes frost here only about every third year), Claytonia caroliniana contrasted with 
C. virginica, the Confederate and common Viola papilionacea. Attendance 15, Leader, 
John A, Crabtree. 

April 24. Appalachian Trail on Kittatinny Ridge, N. J. The work trip covered about 
one-half the distance before being called on account of rain. It will be concluded on Oct. 
22, please come. Most showy display was shadbush in flower. Attendance 7. Leader, 
John A. Small. 

April 30. Sussex County, N. J. The group stopped at the Trollius larus station in 
Greendell Swamp, to find it in a profusion of bloom. While engaged in observing this 
local species, a wedge of Canada geese was seen and heard overhead. Golden club was in 
bloom and showy orchis in bud near Springdale. Ricciocarpus and the edible morel were 
located near Swartswood Lake. A stand of yellow water-crowfoot (Ranunuculus flabel- 
laris) was found in a tiny pond near the Sunrise Mtn. Road entrance to Stokes Forest 
and nearby the previously discovered station of Trillium erectum was noted to be increas- 
ing in size. Attendance 27. Leader, David Fables. 

May 1. Vicinity of Pluckemin, Somerset County, N. J. (See also Bull. Torrey Club 
81: 91-92. 1954). A river terrace forest about 7 feet above the water level of the North 
Branch of the Raritan River, formerly dominated by oak, is becoming a sugar maple 
forest. Within the forest are found principally sugar maple, ash, basswood, beech, elm, 
and hickory. Sugar maple seedlings are very abundant and these grow up into clusters 
of saplings when an opening occurs in the canopy due to a fallen tree. May-apple is the 
dominant herb in spring but herbs become sparse during the summer. 

Between the terrace and the natural levee bordering the river there is a low, wet inner 
flood plain which receives much of the force of flood waters. This area is very diversified 
with respect to habitats and species. No tree species is dominant although sugar maple 
is abundant on the higher ground between low, wet slough areas. Red maple, river birch, 
pin oak, swamp white oak, black gum and individuals from the foregoing habitat are 
found here. Saplings of many species grow where openings appear in the canopy. May- 
apple does not dominate the entire inner flood plain—the herb cover is more diverse and 
Mertensia, not found on the terrace, is common. 

Near the river, on the natural levee, there is a fine mesophytie forest of large trees. 
Species include: sugar maple, beech, American and slippery elm, tuliptree, ash, hickory, 
boxelder, sycamore and less conspicuous forms. The most outstanding feature of the 
island-like portion of the levee visited was the seasonal profusion of Mertensia virginica. 
Other outstanding herbs included: Dentaria laciniata, Viola papilionacea, V. pensyl- 
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vanica, Claytonia virginica, Erythronium americanum, Alliaria officinalis, Ranunculus 
abortivus, Phlox diverticatus. 

The dynamics of flood plain formation and its destruction as seen in the erosion pat- 
terns and in the vegetation was examined. The trip included a pleasant one-mile walk 
upstream along the bank of the river with stops to investigate an island, oxbow lakes, old 
meander patterns, and other features of the flood plain. The diversity of vegetation and 
the abundance of flowering plants were the outstanding features of the trip. Attendance 
15. Leader, Warren A. Wistendahl. 

May 15. Tannersville, Pa. bog. Several Club trips have been made to the bog in the 
past but all were later in the season. The objective of the present trip was to see the 
boreal bog plants in flower and the date proved to be ideal for the following: Picea 
mariana, Andromeda glaucophylla, Arisaema Stewardsonii, Calla palustris, Carex limosa, 
Coptis trifolia, Eriophorum spissum, Gaylussacia baccata, Kalmia polifolia, Maianthe- 
mum canadense, Menyanthes trifoliata, Nemopanthus mucronata, Panazx trifolium, 
Pedicularis canadensis, Polygala paucifolina, Pyrus melanocarpa, Rhododendron cana- 
dense, Saxifraga pennsylvanica, Stellaria uliginosa, Trientalis americana (T. borealis 
in Grays 8th), Vaccinium atrococcum, V. corymbosum, Viola conspersa, V. cucullata, and 
V. pallens. 

The bog, which is an irregular area about 3 miles long and %& to % mile wide, lies 
along Cranberry Creek and is rich in uncommon plant, bird, and animal life. A movement 
is under way by the Conservation and Garden Clubs of Monroe County, Pa. to purchase 
the bog for a nature sanctuary. Last winter a number of black spruces were cut in the 
bog and sold for Christmas trees, though this is a poor species for that purpose. Some 
large white pines and hemlocks were taken for lumber. The Daily Record, of Strouds- 
burg—East Stroudsburg, Pa., has published articles on the bog and the efforts of conserva- 
tion groups to save it. 

A fine display of Rhodora and painted trillium was seen on Route 196 a short dis- 
tance north of Mt. Pocono. Attendance 15. Leader, Louis E. Hand. 

May 28. Marine Park Beach, Staten Island. Shore birds were not very much in 
evidence as the tide was high and the usual feeding ground for these birds was under 
water. A small flock of ruddy turnstones and black-bellied plovers were observed at close 
range. A mother killdeer was pulling her broken wing act to draw the attention of the 
observers from her chick which was running into the weeds. A small stand of Hudsonia 
tomentosa was seen in flower. The last remaining stand of Clematis ochroleuca on the 
Island was very lovely to see in full bloom, Attendance 14. Leader, Mathilde P. Wein- 
gartner. 

June 5. Cheesequake State Park, Middlesex County, N. J. Although this date was 
picked to find stemless lady’s slipper in bloom we were too late for that. Several plants 
were seen. It was the height of anthesis for mountain laurel and some 20 other species 
of less massive effect. Many had not seen persimmon in flower previously. Four species 
new to the park list were Asclepias variegata, Carex vestita, Hypochoeris radicata, and 
Isotria verticillata (Pogonia). Another new record was the mud turtle (Kinosternum 
subrubrum). In assessing the effect of the Garden State Parkway, we found it adding 
few if any people to the Park. Shoulders and drainage are not stabilized and there is 
much erosion. Some new lagoons have resulted and one was coming up thickly with Sagit- 
taria. In addition to pieniec area and woodland demolished we regret the loss of some 
excellent stands of mountain laurel, trailing arbutus, hundreds of stemless lady’s slippers, 
and the unique little bog. Attendance 18. Leaders, Dave Fairbrothers, John Small, and 
Warren Wistendahl. 


Book REVIEWS 
Soil Fertility. By C. E. Millar. 436 pages, 116 tables, 53 figs. John Wiley 
& Sons, 1955. $6.75. 


C. E. Millar has presented a highly important and valuable volume dealing with soil 
fertility. Literature on this subject is voluminous and in many cases there is some lack 
of unanimity of concepts. The author, however, with his years of rich experience as a 
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scholar, teacher, and investigator, has carefully drawn together and presented well the 
concepts of soil fertility. American literature has been carefully reviewed, and the book 
emerges as a clear, concise treatment on the subject. Workers in biological and some of 
those associated with the physical sciences cannot help but gain much information from 
this volume. If the reader has some knowledge of soils, chemistry, physiology, and farm 
crops, he will be able to follow the treatment with ease. Without a working knowledge 
of these sciences, the average reader can still gain much valuable information. 

There are 19 chapters in the book. The first chapters take into consideration plant 
growth, the soil solution, colloids, soil reaction, and related subjects. This is followed by a 
good discussion on the role of the elements essential to plant growth. Micro nutrients are 
discussed briefly. The latter portion of the book deals with soil deficiencies, soil organ- 
isms and finally a discussion of manures, fertilizer application and crop rotations. The 
chapters are arranged in an orderly manner for effective subject treatment. 

There is little to be said concerning the book which would not be complimentary. 
There are several items of a minor nature which could have been omitted without losing 
the effectiveness of the book. For example, the reviewer’s opinion is that the clay crystal 
diagrams on pages 54-55, on the basis of information presented, will have little meaning 
to the average student of soil fertility and soil management. There are broad sweeping 
statements on genesis and distribution of clay minerals which would be open for further 
discussion. For example, on page 56 the author states that the ferro-magnesium silicates 
of basic igneous rocks such as basalts, give rise to montmorillonite. Nearly all of the 
references throughout the book are of American workers. There is a rather striking 
paucity of reference to the foreign literature and an uninformed reader may get the 
opinion that all important contributions to soil fertility have been made by American 
workers. It is true that American workers, especially in more recent years, have produced 
a great volume of literature, but much of it is a recapitulation of concepts developed 
earlier in other countries. Either the foreign literature should have been given its just 
position or else statement should have been made as to the reasons for its omission. 

The text is well written and it should stand as an important document for many 
years. The late Dr. Millar could not have left a more fitting monument to himself than 
he did in writing this book. It is highly recommended for everyone whose scope of work 
deals in soil-plant relationships, directly or indirectly —J. C. F. Teprow, Department of 
Soils, Rutgers, The State University of New Jersey. 


NEw TEXTBOOKS IN ECOLOGY 


The publication of three texts in general ecology within the last two years is an 
encouraging indication of an awakening to the need for understanding of the maze of 
biological interrelationships which influence the activities of each of us. These texts 
should facilitate better training in ecological principles for students in fields other than 
biology as well as for biologists themselves. 

The author of any text in ecology is faced with a tremendous problem in deciding 
those items to include and those to omit. Organization of material becomes critical in a 
field whose scope is so all inclusive. Each of the authors whose books are reviewed here 
has approached this problem differently. Dr. Clark has emphasized the environmental 
factors and the variety of effects they exert on the organism. Dr. Odum has precisely 
formalized and stated the principles which underlie ecological phenomena and then illus- 
trated these principles. Dr. Woodbury has used a modified environmental approach with 
emphasis on the biological and historical elements. None of these three men is a botanist 
and so in each case the emphasis tends to be zoological. 


Elements of Ecology. By George L. Clarke. 534 pp. John Wiley & Sons. 
1954. $7.50. 


Dr. Clarke states that his objectives are to ‘‘. . . bring together in one place and in 


a simple way, the elements of ecology ...’’ and ‘‘... to stress the unity of ecology and 
the necessity for including the influence of both plants and animals as well as the physical 
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forces as part of the environment.’’ To accomplish this he discusses the factors of the 
environment as they are both limiting and stimulating to organisms. In an introductory 
chapter Dr. Clarke defines his terms and delimits his approach stressing the dynamic na- 
ture of ecology and the fact that the ecologist focuses his attention primarily on the 
interrelationships between the organism and its environment. In the following chapters he 
begins with the more general and stable factors of the environment and progresses towards 
those which are frequently modified. The chapter on ‘‘the medium’’ for life describes the 
many different ways in which the surrounding medium may influence the development 
of the organism. The next chapter discusses the substrate on which life exists and rests 

as distinguished from the medium. This distinction is a useful and rather novel one, 
The chapter on substrate concludes with a brief discussion of soils. Chapters on water, 
temperature, light, carbon dioxide and oxygen, and nutrients follow in what appears to 
be a fresh approach to the physical environment. 

The contents of the chapter on light are indicative of his method. Here one finds a 
discussion of the sources and distribution of light, light on land and in the water, the 
biological effects of the amount and quality of light on activity, vision, orientation, peri- 
odicity, lunar periodicity, control of flowering, and migration. This is supplemented with 
comments on ultra violet light, the effect of light in photosynthesis, and shade tolerance. 
Altogether this is a wide ranging discussion which presents a great amount of informa- 
tion. 

Dr. Clarke’s specialty and inclinations are obvious throughout. His illustrations are 
drawn extensively, though not exclusively, from the fields of Limnology and Oceanog- 
raphy. This adds interest equally for the landlocked middlewesterner or the urbane 
dweller in a coastal city. 

The biotic aspect is developed by discussing first the relationships within species and 
then among species. Dr. Clarke then considers the community, which he defines as ‘‘...a 
group of mutually adjusted plants and animals inhabiting a natural area. ...’’ He goes 
on to say that ‘‘. .. the recognition of specific communities and their limits is difficult. 
Part of the difficulty is due to the fact that the community concept has both a functional 
and a descriptive aspect.’’ Dr. Clarke then considers succession and fluctuation in, and 
the dynamies and productivity of, the ecosystem and concludes with a discussion of the 
efficiency of the community. Eighteen pages of references follow. 

Dr. Clarke writes accurately and interestingly and for those who prefer the environ- 
mental approach to ecology this is a highly useful book. With the current interest in the 
sea it should serve as an excellent vehicle from which the student may obtain an under- 
standing of that complex environment. However, one has the feeling throughout that the 
problems of the land environment have been somewhat overshadowed by those of the ocean. 
Dr. Clarke has no specific chapter on ecology in relation to man, but man and his in- 
fluence are discussed throughout the book. 


Fundamentals of Ecology. By Eugene P. Odum. 384 pp. W. B. Saunders 
Co., Philadelphia. 1953. $6.50. 


Dr. Odum has chosen to clarify the complex inter-relationships of organisms and 
environments by elucidating a series of basic principles and concepts. Each concept is 
stated briefly, next explained and finally illustrated with examples. Dr. Odum’s interest 
in bird populations has led him to use many examples drawn from this field. However, 
the range of the illustrative material is impressive, including such diverse organisms as 
flour beetles, diatoms, barn owls, trilliums and man. 

The first of the three sections of Dr. Odum’s book is concerned with the principles 
and concepts of ecology. These have been organized into two related groups of chapters. 

The delimitation of ecology as a science is followed by a consideration of the concepts 
of ecosystem, habitat, the ecological niche and biogeochemical cycles. A discussion of 
limiting factors is reinforced by an extensive listing of the physical components of the 
environment. Energy in ecological systems is considered in a stimulating chapter which 
begins with a review of the laws of thermodynamics and ends with a discussion of 
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productivity. This chapter features useful examples of energy relationships including an 
alfalfa-calf-boy food chain. 

Following an introduction to population and community concepts, a chapter is de- 
voted to the relationships within populations of a single species. Considered here are all 
aspects of species development, birth rate, age distribution, density, ete. The reviewer 
regrets that here as elsewhere few of the illustrations are chosen from plant populations. 
The next chapter on organization at the interspecies level leads to the principles of species 
interaction. The final group of concepts are those involving the whole biotic community, 
ineluding ideas of succession, climax and ecotone. 

Three chapters dealing with habitats and their related ecosystems comprise the 
second part of the book. Odum follows a discussion of the fresh water environment with 
one on salt water as a medium and finally considers terrestrial habitats, mentioning briefly 
the major biomes. 

The last section of the book consists of three short chapters, on applied ecology, 
natural resources, public health and welfare and human society. While these chapters 
provide stimulating reading, one could only wish that the wealth of material presented 
were not so carefully condensed. 

Dr. Odum gives us frequent glimpses of the close relationship between physiological 
processes and ecological phenomena. The correlation and fusion of such data from related 
disciplines, especially physiology and genetics, is essential to future progress in ecology. 

Odum’s treatment of different subjects is not entirely uniform. There is only a brief 
discussion of the major biomes while the consideration of the concepts of organization 
at the species population level is extensive. However, the reader will find that ample 
material is available on biomes while the concepts of species ecology and interaction are 
in need of this clarification. 

For the teacher and conservationist Odum’s book is a source of much valuable in- 
formation. More important, however, he has made a major contribution to organized 
thinking in ecology. This lucid approach will help to provide the sound basis necessary 
to explore the intricate problems implied in his closing sentence ‘‘. . . diligent study of 
man and nature (as a unit, not separately) is in order before we can even begin to 
entertain the idea that we are masters of our destiny.’’ 


Principles of General Ecology. By Angus Woodbury. 503 pp. The 
Blakiston Co., Philadelphia. 1954. $6.00. 


Dr. Woodbury follows his introduction with a chapter on the historical perspective 
in ecology ; a worthwhile feature not found in either of the other texts. Next he discusses 
organisms and environment in a general way and here again he places the modern plant 
and animal in their proper positions in respect to past development. Throughout his book 
Dr. Woodbury reminds us that the organism today is the result of eons of progress and 
change under the influence of all of the ecological factors. Perhaps this approach is 
encouraged by Dr. Woodbury’s own environment. The evidence of past ages, exposed 
in the bare faces of the massive fault blocks of the Wasatch mountains, is ineseapable. 
Time as a function and factor of the environment is felt far more directly in his book 
than in the others. 

Dr. Woodbury discusses the physical environment of plants in several chapters, the 
first of which is fairly typical. It considers briefly the history of the earth and the 
continents. This is followed by a discussion of orogenic cycles, sedimentation and the 
development of relief. Soils are considered both as to development and to structure after 
which the relationship of soil to water, soil classification and soil biology are summarized. 
In the following chapters, water, air, radiant energy, climate and adaptations to meet 
the physical environment are all covered in a similar fashion. 

The treatment of biotic interrelationships, which oceupies the greater part of the 
book, begins with a chapter on biotic communities and is chiefly devoted to defining and 
elucidating the nature and methods of classifying communities. The development of com- 
munities is handled in a rather brief chapter in which reference is made again to geologic 
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succession and the impact of time. The following chapters consider community analysis, 
conditions of existence, food relations, reproduction and population problems. Informa- 
tion is presented in other chapters on cycles, dispersal and evolution, biotic rhythms and 
migrations, biotic adaptions, historical distribution, geographic distribution, consortism, 
social relations (both aggregations and societies primarily of animals) and finally ecol- 
ogy and human affairs. His book ends with a 24-page bibliography which contains many 
references on historical ecology and geology. These are worth reading by the ecologist 
who desires a broader understanding of the phenomena with which he deals than that 
which he gets from his biological training alone. 

Dr. Woodbury has amassed a great deal of information, not all strictly ecological 
but on the other hand very useful, although some of it seems extraneous in an ecology 
text. 

The reader has already noted that despite the synonomy in title, ‘‘ Elements of Ecol- 
ogy,’’ ‘‘ Fundamentals of Ecology’’ and ‘‘ Principles of General Ecology’’ are in actual- 
ity three quite different books, each reflecting its author’s personality and interests. 

Odum’s presentation in ‘‘ Elements of Ecology’’ is the least traditional of the three, 
and is the least replete with facts. Necessarily, there is some overgeneralization. The 
book, however, is one which should make possible the presentation of the fundamentals 
of ecology in a form both organized and clean cut. Generalizations are necessary if a 
science is to be readily comprehended and sold to as critical and demanding a public as 
the university student. As a text, Odum is suitable for a one semester course and could 
be supplemented readily for a year’s course. 

In ‘‘ Fundamentals of Ecology,’’ Clarke uses a more familiar and traditional type of 
presentation, and in so doing does not emphasize principles as such so clearly. However, 
his chapter organization is done in a highly successful and definitive manner and con- 
centrates attention on the factor being discussed. For those who prefer that a text include 
considerable factual data and especially for those who teach in an area where aquatic 
habitats are familiar and important, this book would ‘‘fill the bill.’’ 

If one has a definite predilection for teaching ecology in conjunction with evolution, 
Woodbury’s ‘‘Principles of Ecology’’ is a suitable text. There is a great deal of in- 
formation contained in this book, albeit some is of a basic rather than ecological nature. 
The format of the book is on the whole not as clean cut as that of the other two. The 
chief weakness, as another reviewer (Bendell) has suggested, ‘‘. . . is the lack of any 
critical discussion of concepts which might stimulate the reader to independent thought.’’ 
Nonetheless, if it is not used as a text, there is ample value herein to make this book a 
very worthwhile addition to the reference shelf. 

There are, in all three of these books, a few minor errors and misconceptions as well 
as habits of writing which may irritate one or another reader. Nonetheless, the publica- 
tion of each of these texts will further the development of ecology as a science. For other 
opinions on these books, the reader may consult the following reviews: 

On ‘‘ Fundamentals of Ecology’’: 

A New Ecology Text Book. By Edwin Moul. Ecology 35: 297, April 1954. 

Ecology—An Initiation. By Peter Frank. Ecology 35: 297, April 1954. 

Fundamentals of Ecology. By Forest Stearns. The Garden Journal 4: 161, 

September 1954. 

‘*Elements of Ecology.’’ By L. C. Birch. Ecology 36: 368, April 1955. 

‘*Principles of General Ecology.’’ By J. F. Bendell. Ecology 35: 585-587, Oct. 
1954.—Forest STEARNS, Dept. of Botany and Plant Pathology, Purdue Uni- 
versity. 


Handbuch der Pflanzenkrankheiten. Vol. 1 Die Virus- und Bakterien- 
krankheiten. Part 1: Viruskrankheiten. E. Kohler and M. Klinkowski. O. 
Appel and H. Richter, Eds. Paul Parey, Berlin, ed. 6, 784 pp. illus. 1954. 
DM 150. 

Sixty-six years ago, when the first edition of Paul Sorauer’s textbook of plant dis- 


eases appeared, 250 pages covered the whole field of plant pathology. The growing knowl- 
edge of plant diseases has been reflected in the several consecutive editions of Sorauer’s 
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handbook that have appeared since 1888. The present, sixth edition, is expected to require 
fifteen volumes, of which the above-mentioned part dealing with virus diseases has 784 
pages. 

The introduction comprises 132 pages of general information written by FE. Kohler. 
It deals with infection, symptomatology, virus inactivation and inhibition, ways and 
means of transmission, diagnostic principles, interference in mixed infections, host range, 
susceptibility, and control measures. This part is perhaps too condensed as compared to 
the second section (573 pages) which is concerned with the particular diseases. In organi- 
zation the second section follows a sequence that is very familiar to plant taxonomists. 
Specific diseases are arranged by orders of host plants according to the Engler and 
Prantl classification, starting with viroses of the Gramineae and finishing with those of 
the Compositae. Diseases of the Chenopodiaceae and Solanaceae are discussed by K6hler, 
while Klinkowski covers the cultivated plants of the remaining families. Whenever known, 
the historical background, distribution, symptomatology, host range, means of spreading, 
vectors, physical and chemical properties of the viruses, their relationships and means of 
prevention and cure of particular diseases are indicated. This well written and attractively 
illustrated manual is valuable because it presents an extensive treatment of almost all 
plant virus diseases known today, with detailed accounts seldom equaled elsewhere in the 
literature. In addition to diseases of economie importance, several others known so far only 
from laboratory investigations, as for instance wound tumor or clover club leaf, are also 
discussed. The accuracy and extent of the information is gratifying and references to 
American literature are up-to-date. At the end of each detailed description of a disease 
there is a bibliography of world-wide publications prepared in a very thorough manner. 
These bibliographies are invaluable to investigators because they cover not only the more 
accessible English, German, French, Dutch, and Italian literature, but also less accessible 
papers which have appeared in Russian, Japanese, and other languages. At the end of 
the volume there is a well arranged index by topics. The maintenance of quality in photo- 
graphs, obtained mainly from the archives of the Berlin-Dahlem collection, shows that spe- 
cial care has been taken to secure original prints and thus to avoid the cumulative fog- 
giness of reproduction which so often mars good textbooks. The numerous illustrations, 
the type and the paper are excellent. The book is bound in cloth. 

It is a difficult matter for the authors of a summary such as this book to regiment 
the wealth of available detail in an orderly array. Yet this remarkable volume manages 
to present in a highly informative way the facts and concepts of plant virus diseases. 
Prepared with painstaking care and thoroughness, this classic handbook ranks as the 
most authoritative reference work in its field. There are few, if any, important omissions. 
Each chapter or discussion maintains the same high standard of excellence characteristic 
of other portions. Those who read German will welcome the appearance of this up-to- 
date work. No equally comprehensive book has yet appeared in English. 

The revised edition also brings up-to-date the available information on virus classifi- 
cation. Binomial nomenclature is used throughout the book together with common names 
of viruses. 

This volume will be consulted time and again by plant pathologists all over the world 
and will be used as a standard reference. The authors are to be congratulated on compil- 
ing and critically sorting such a large amount of data. 

There are, naturally, minor points on which the reviewer does not see eye to eye with 
the authors. These are too few, however, to diminish admiration for this scholarly and 
stimulating book. Undoubtedly it will find its way to all plant pathology and botany 
libraries. Most individual workers will find its cost too high (DM 150 equals ea. $37.50), 
but the high price of the book probably could not have been avoided in view of the ex- 
haustive literature citations and numerous illustrations. The book can be recommended as 
a valuable source of information for all who are interested in the virus diseases of eul- 
tivated plants, the disease symptoms produced by various viruses, the geographical dis- 
tribution of the diseases and methods of control. The appearance of this volume is ipdeed 
a welcome event, for the fast-growing literature on virus diseases of cultivated plants 
has made the need for a work of this character greater than ever before.—KARL MARA- 
MOROSCH, The Rockefeller Institute for Medical Research, New York, New York. 
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Genetics and Human Heredity. By J. Ben Hill and Helen D. Hill. xiy 
-526 pages. 202 figs, 53 tables. McGraw-Hill, New York, 1955. $6.50. 


It should appear, to many of us teaching in the field, that this is the book which 
most authors have promised to write ‘‘some day.’’ It would be difficult to conceive of a 
more thorough treatment of genetics short of adding more examples and explaining, in 
detail, the enzymatic reactions involved in gene action. The five individuals who have 
assisted in drafting the illustrations have done quite well. Most students should experi- 
ence very little difficulty in understanding the genetic principle behind each figure. 

In almost every instance, the topics covered are clearly explained and amply pre- 
sented with sufficient follow-up, as in a lecture, to ensure a fairly adequate understand- 
ing. Should this fail, the figures should indeed clarify the point. 

Such topics as mitosis and meiosis, Mendalism, linkage, sex-linkage, duplicate genes, 
aneuploidy—euploidy and chromosomal aberrations, and gene action in development of 
heritable traits are exceptionally well treated. 

Chapter 15, ‘*The Statistical Consideration of Quantitative Characters in Living 
Organisms,’’ and Chapter 16, ‘‘ Population Genetics,’’ constitute a short course in bio- 
metrics. Any beginner in genetic research would do well to read these 43 pages several 
times for the simple, elementary, but basic information. 

A summary found at the end of each of several chapters is very stimulating to the stu- 
dent who plans to embark upon answering the questions and problems which follow. The 
‘*Data’’ or leading paragraphs of information pertinent to the questions which follow 
is something new to me. In it is assembled just about all the information the average 
student needs to know before answering the questions. 

The four chapters on human heredity are excellent. They give the student the essen- 
tial knowledge to which he may quickly add other related conditions. There are references 
to human conditions (anomalies and diseases) in other chapters as well. 

Throughout—besides being an informative and well-written book—it is quite obvious 
that the authors have had years of experience in the field. The most probable explanation 
for certain conditions is expressed in good, sound scientific terms. The use of enzymologi- 
cal, serological, and medical terms are not loose or broad but quite accurate. 

With the proper selection of materials, it should be possible to use this book for a 
one-semester course, preferably after a course in elementary physiology. Whether it be a 
continuation in the field of botany or zoology, the book should score well. It would be 
difficult to improve on without writing an encyclopedia.—R. J. DEF Atco, Rutgers, The 
State University of New Jersey. 


The Botanical Lore of the California Indians. By John Bruno Romero. 
viili+ 82 pages. Vantage Press. New York. 1954. $2.50. 


Over 120 species are discussed, largely plants of reputed medicinal use. There is also 
a list of edible fruits and a reference to basket making. No attempt is made to produce 
a formulary or materia medica but ailments ranging from anemia to wounds come under 
the author’s purview. Many of the species named are present in the east or represented 
there by a similar form. 

We found poison oak roots properly dried and made into a tea to effect immunity 
but the author notes: ‘‘I ask my readers not to try this serum pending further laboratory 
experiments. ’’ 

There are directions for cremation and burial. Catching fish by intoxicating them is 
explained. Wild garlic pulp may be used to ward off rattlesnakes. A juice from the bark 
of red oak ‘‘is a very efficient means for straightening and setting loose teeth.’’ 

The Indians apparently caught up with new plants rapidly because a quick check 
showed the following introduced plants in the book: Achillea millefolium, Anthemis nobt- 
lis, Malva rotundifolia, and Plantago major. The author is at variance with some of the 
manuals in stating that Achillea millefolium ‘‘is indigenous to the mideoastal range 
woodlands.’’ The ecologist, or householder, will know Plantago major from a wider range 
than is implied by ‘‘Its habitat is swamps and localities where there is abundant mois- 
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ture.’’ May one wonder if Vantage Press had the manuscripts checked by a botanist or 
by a pharmacologist?—JoHN A. SMALL. 


Hawthorns of Wisconsin. By Emil P. Kruschke. 124 pages, 57 figs., 
bibliography. Milwaukee Public Museum. $2.50. 


This is No. 2 of the Milwaukee Public Museum Publications in Botany and Part I 
of the above title. This part has the sub-title, ‘‘Status, Objectives, and Methods of Col- 
lecting and Preparing Specimens.’’ It is stated that Part II, ‘‘The Classification and 
Distribution of Hawthorns in Wisconsin,’’ will be published shortly hereafter. 

A section titled ‘‘The Status of Hawthorns Generally’’ enlightens the reader about 
the confusion which leads so many of us to avoid the genus. Wisconsin too has had its 
problems with Crataegus. It seems likely to the author that the number of species will 
ultimately be nearer to 200 than to the high mark of 1200 once attained. Sometimes 30 
to 40 species are reduced to a single species upon restudy. Crataegus macrosperma, C. 
pruinosa, and C. succulenta var. macracantha appear to be the most rugged survivors in 
engulfing the formerly separate entities. 

This part states the problem that was set up 13 years ago, describes the field-collect- 
ing program, collecting equipment and methods, taking data, pressing, mounting, label- 
ing, and filing of specimens. Each of these steps has been meticulously worked out. De- 
scriptions of the steps are full and often beautifully illustrated. You could not find a 
better manual of collecting and mounting techniques. But after reading this one you 
might decide to abandon the whole project. If so, it might be just as well because a use- 
less herbarium sheet takes just as much room as a dependable one and may lead to the 
confusion that has plagued Crataegus for so long. We anticipate the publication of Part 
II and we hope to find an appropriate reviewer for it—JoHN A. SMALL, 


Winter Key to Woody Plants. By Arthur Harmount Graves. 33 pages. 
Published by the author, Wallingford, Conn. 1955. $1.35. 


This brochure is designed for use with ‘‘ Illustrated Guide to Trees and Shrubs’’ by 
the same author (1952. $4.00) and to progress beyond the genus it will usually be neces- 
sary to have this or another manual. In any event this is a worthwhile supplement, but. 
being 25 pages of just keys, the value of having the Illustrated Guide to which page refer- 
ence is made will be readily apparent. 

Like most keys, this one works best if you know the plant that is being keyed. Au- 
thors always know the plants to which they are making keys. Using the key therefore 
becomes a sort of mind reading job. Authors sometimes have difficulty in making up their 
minds and the user encounters that mental-telepathic road block ‘‘lvs. more or less paral- 
lel-veined.’’ ete. ear 

The multiple choice key is not always consistent. You choose between 1 and 1, 2 and 
2, ete., but under Angiosperms you find ‘‘A. Buds opposite or whorled. Lvs. evergreen’’ 
and looking for ‘‘A’’ again you find ‘‘B. Buds opposite or whorled. Lys. deciduous’’ 
then 5 pages later ‘‘C, Buds alternate. Lvs. evergreen’’ and on next page ‘‘D, Buds al- 
ternate. Lvs. deciduous.’’ These are major decisions, ordinarily easy to make. They should 
stand out more prominently by use of boldface type, cross reference, or some other device. 

Trying the key on a Torrey trip, most of our trouble came with the largest group, 
**D’’ above. On page 14, one has a choice among 17 possibilities, intended to make, shall we 
say, a polyfureating key. Accustomed to decide between vines and not vines, it became 
confusing to decide between vines and ‘‘stems with thorns, prickles or bristles,’’ and 15 
other possibilities which might apply to vines as well as not vines. However, these choices 
are the same as in other keys and if you are careful to interpolate the negative choice 
after each positive statement and be sure that it applies before going on this summary 
will be helpful. In fact you can move all the way from choice 6 to choice 120 on the one 
page with these 17 decisions. When one becomes adept in using this summary it will make 
keying much easier and much more rapid. 

On page 14, under Angiosperms, four genera of Gymnosperms are keyed. Being 
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deciduous genera, this is perhaps a commendable aid in locating these genera during the 
winter months. It was surprising however to find Ginkgo had been omitted in the earlier 
section of Gymnosperms. The choice between ‘‘True terminal bud present’’ and ‘‘ True 
terminal bud absent’’ will be impossible for many customers of this key. Checking with 
Ulmus and Tilia, I wonder how the user is expected to know that the buds on the ends 
of the branches are not truly terminal? To be sure, this choice is the last resort but it does 
involve 20 genera.— JOHN A, SMALL. 


Laboratory Exercises on the Plant Kingdom. By Paul C. Lemon and 
Norman H. Russell. viii+121 pages. Wm. C. Brown Company, Dubuque, 
lowa. 1954. $2.50. 


This spirally bound manual is of the work-sheet type with a minimum of repetition 
from the textbook and a maximum of thought provoking questions, prepared drawings to 
be labeled, and spaces for original sketches. Each exercise is followed by a list of 
‘Selected References’’ which are indeed selected for the student wishing further elemen- 
tary material or the student ready for the advanced treatises. As a general thing R. D. 
Gibbs’ ‘‘General Botany’’ (Blakiston 1950) is among the references. This is under- 
standable in view of the sequential similarity of the two books. Reference is made to sev- 
eral of the other elementary botany textbooks where they are particularly appropriate. 

Thirty-six exercises are included. It is my belief that if the indicated materials and 
references were available a student could work these exercises with a maximum of inde- 
pendence. It would be an interesting experience. It must be kept in mind however that 
the manual covers only the reproduction and systemics of plants, including families 
of monocots and dicots and a winter key to trees. There is neither morphology nor 
physiology. Two exercises in plant ecology terminate the series.—JOHN A, SMALL, Douglass 
College, Rutgers, The State University of New Jersey. 
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TAXONOMY, PHYLOGENY AND FLORISTICS 
ALGAE 


Daily, Fay Kenoyer. A rare Tolypella new to the United States of America. 
Butler Univ. Bot. Stud. 11: 144-148. N 1954. 

Poccck, M. A. Studies in North American Volvocales. Madrofio 13: 49-64. 29 
Ap 1955. 

Reimer, Charles W. Re-evaluation of the diatom species Nitzschia frustulum 
(Kutz.) Gruh. Butler Univ. Bot. Stud. 11: 178-191. N 1954. 

Taylor, Wm. Randolph. Notes on algae from the tropical Atlantic Ocean. IV. 
Pap. Mich. Acad. 401: 67-76. pl. 1-5. 1955. 


BRYOPHYTES 


Arnell, Sigfrid. Hepaticae of Chile and Argentina collected by R. Santesson. 
Svensk Bot. Tids. 49: 229-239. 20 Ap 1955. 
Higinbotham, N. & Higinbotham, Betty Wilson. Quantitative relationships of 


terrestrial mosses with some coniferous forests at Mt. Rainier National 
Park. Butler Univ. Bot. Stud. 11: 149-168. N 1954. 

Kucyniak, James. An overlooked moss in the Quebec flora: Drepanocladus 
brevifolius. Svensk Bot. Tids. 49: 325-328. 20 Ap 1955. 

Kucyniak, James. Précisions sur le genre Thelia dans le Québec. Nat. Canad. 
82: 45-48. F—Mr 1955. 

Miller, Harvey Alfred. Bryophytes collected by F. R. Fosberg in the Marshall 
Islands. Atoll Research Bull. 40: 1-4. 15 My 1955. 

Parker, Dorothy. Hepaticae from the Federal District, Mexico. I. Butler Univ. 
Bot. Stud. 11: 137, 138. N 1954. 

Patierson, Paul M. Additions and corrections to the bryophyte flora of the 
Shenandoah National Park. Castanea 20: 19-24. Mr 1955. 

Reitz, P. Raulino. As Halorrhagaceae de Santa Catarina. Sellowia 6: 237-242. 
22 Je 1954. 

Reitz, P. Raulino. Manipulus muscorum catharinensium. Sellowia 6: 199-236. 
22 Je 1954. 

Steere, William C., Anderson, Lewis E. & Bryan, Viriginia S. Chromosome 


studies on Californian mosses. Mem. Torrey Club 204: 1-75. 12 O 1954, 


FUNGI 
(See also under Genetics: Dedge) 
Baxter, Dow V. Some resupinate polypores from the region of the Great Lakes. 
XXVI. Pap. Mich. Acad. 401: 91-108. pl. 1-5, 1955. 
Baxter, John W. Species of Puccinia on Salvia in Europe, Asia and Afriea. 
Mycologia 47: 225-232. 29 Ap 1955. 
Bessey, Ernst A. A new species of Camptomeris, and further notes on the 
genus. Pap. Mich. Acad. 401: 3-6. pl. 1, 2. 1955. 
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Brodic, Harold J. Cyathus gayanus from Costa Riea. 
29 Ap 1955. 

Chilton, John E. Volutella species on alfalfa [V. colletotrichoides sp 
Mycologia 46: 800-809. N-—D 1954 [17 Ja 1955]. 

Cooke, Wm. Bridge. The genus Arthrinium. Mycologia 46: 
1954 [17 Ja 1955}. 

Davidson, Ross W. Wood-staining fungi associated with bark beetles in Engel- 
mann spruce in Colorado. Mycologia 47: 58-67. Ja—F [8 Mr] 1955. 

Dowding, Eleanor Silver. Endogone in Canadian rodents. Mycologia 47: 51-57. 
Ja-F [8 Mr] 1955. 

Drechslev, Charles. A small Conidiobolus with globose and with elongated sec- 
ondary conidia. Jour. Wash. Acad. 45: 114-117. Ap 1955. 

Drechsler, Charles. Some Hyphomycetes that capture eelworms in southern 
states. Mycologia 46: 762-782. N—D 1954 [17 Ja 1955}. 

Drechsler, Charles. 
globose and from elongated adhesive conidia. 
49-56. F 1955. 

Drechsler, Charles. Three new species of Conidiobolus isolated from decaying 
plant detritus. Am. Jour. Bot. 42: 437-443. My 1955. 

Duddington, C. L. A new species of Stylopage capturing nematodes. 
47: 245-248. 29 Ap 1955. 

Fennell, Dorothy I. & Raper, Kenneth B. New species and varieties of Asper- 

Mycologia 47: 68-89. Ja—F [8 Mr] 1955. 

Fergus, Charles L. An index to L. O. Overholts’ mycological notes. 
47: 140-144. Ja—F [8 Mr] 1955. 

Frank, H. A. & Skinner, C. E. The relationship between Actinomyces bovis and 
Lactobacillus bifidus. Mycologia 46: 728-735. N—D 1954 [17 Ja 1955]. 
Gilkey, Helen M. Taxonomic notes on Tuberales [2 new genera]. 

46: 783-793. N—D 1954 [17 Ja 1955]. 

Hacskaylo, Edward & Palmer, John Gilbert. Hymenomycetous species forming 
mycorrhizae with Pinus virginiana. Mycologia 47: 145-147. Ja-F [8 Mr] 
1955. 

Hesseltine, C. W. & Fennell, Dorothy I. The genus Circinella. 
193-212. 29 Ap 1955. 

Johnson, T. W. & Surratt, Jacqueline. Taxonomy of the species of Isoachlya 
possessing single oospores. Mycologia 47: 122-129. Ja—F [8 Mr] 1955. 
Karling, John 8. Prosori in Synchytrium. Bull. Torrey Club 82: 218-236. 

19 My 1955. 

Karling, John S. Resting spore germination in Synchytrium australe in relation 
to its classification. Mycologia 47: 185-192. 29 Ap 1955. 

Karling, John 8S. Synchytrium ranunculi Cook. Mycologia 47: 130-139. Ja—-F 
[8 Mr] 1955. 

Kern, Heinz. Taxonomic studies in the genus Leucostoma. 
401; 9-22. 1955. 

Korf, Richard P. Discomyceteae exsiceatae, Fase. I. 
N-D 1954 [17 Ja 1955}. 

Lingappa, B. T. Two new species of Physoderma | corchori, commelinae| from 
India. Mycologia 47: 109-121. Ja—F [8 Mr] 1955. 

Lowe, Josiah L. Perennial polypores of North America III. Fomes with context 

white to rose. Mycologia 47: 213-224. 29 Ap 1955. 


Mycologia 47: 266-268. 





. nov. |]. 


815-822. N-D 

















A southern Basidiobolus forming many sporangia from 


Jour. Wash. Aead. 45: 


Mycologia 


gillus. 





Mycologia 










Mycologia 


Mycologia 47: 













Pap. Mich. Acad. 


Mycologia 46: 837-841. 
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Luttrell, E. S. Helminthosporium flagelloideum. Mycologia 47: 268-270. 29 
Ap 1955. 

Luttrell, E. S. An undescribed species of Piricularia on sedges. Mycologia 46: 
810-814. N—D 1954 [17 Ja 1955]. 

Mains, Edwin B. Some entomogenous species of Jsaria. Pap. Mich. Acad. 401: 
23-32. pl. 1. 1955. 

Miller, Julian H. & Jenkins, Anna E. A new species of Elsinoé [magnoliae | 
on southern Magnolia. Mycologia 47: 104-108, Ja—F [8 Mr] 1955. 

Moore, Royall T. Index to the Helicosporae. Mycologia 47: 90-103. Ja-F 
[8 Mr] 1955. 

Olive, Lindsay 8S. Two species of Galzinia [G. geminispora, sp. nov.] from the 
southern Appalachians. Mycologia 46: 794-799. N—D 1954 [17 Ja 1955]. 

Orpurt, Philip A. & Fennell, Dorothy I. A new species of Penicillium | mega- 
sporum] from soil. Mycologia 47: 233-237. 29 Ap 1955. 

Pady, S. M. & Kapica, L. Fungi in air over the Atlantic Ocean. Mycologia 47: 
34-50. Ja—F [8 Mr] 1955. 

Parmelee, J. A. & Savile, D. B. O. Life history and relationship of the rusts of 
Sparganium and Acorus. Mycologia 46: 823-826. N-D 1954 [17 Ja 1955]. 

Rea, Paul C. The genus Lysurus. Pap. Mich. Acad. 401: 49-66. 1955. 

Safeeulla, K. M. & Thirumalachar, M. J. Gametogenesis and oospore formation 
in Sclerospora species on Sorghum vulgare. Mycologia 47: 177-184. 29 
Ap 1955. 

Savile, D. B. O. Cellular mechanics, taxonomy and evolution in the Uredinales 
and Ustilaginales. Mycologia 46: 736-761. N—D 1954 [17 Ja 1955]. 

Shanor, Leland. Some observations and comments on the Laboulbeniales. 
Mycologia 47: 1-12. Ja—F [8 Mr] 1955. 

Singer, Rolf. The nomenclature of Armillaria, Hypholoma and Entoloma. 
Mycologia 47: 147-149. Ja-F [8 Mr] 1955. 

Singer, Rolf. Staude redivivus. Mycologia 47: 270-272. 29 Ap 1955. 

Sparrow, F. K. & Paterson, R. A. A note concerning Rhizidiopsis and Podochy- 
trium. Mycologia 47: 272-274. 29 Ap 1955. 

Spiltoir, Charles F. & Olive, L. S. A reclassification of the genus Pericystis 
Betts. Mycologia 47: 238-244. 29 Ap 1955. 

Sprague, Roderick. Some leafspot fungi on western Gramineae—VIII. My- 
cologia 47: 249-262. 29 Ap 1955. . 

Starr, Richard C. Sexuality in Gonium sociale (Dujardin) Warming. Jour. 
Tenn. Acad. 30: 90-93. Ap 1955. 

Wright, Jorge E. Evaluation of specific characters in the genus Tulostoma Pers. 
Pap. Mich. Acad. 401: 79-87. 1955. 

Ziller, W. G. Studies of western tree rusts II. Melampsora occidentalis and M. 
albertensis, two needle rusts of Douglas fir. Canad. Jour. Bot. 33: 177-188. 
Mr 1955. 


PTERIDOPHYTES 
Copeland, Edwin B. New Philippine ferns, X. Philipp. Jour. Sei. 83: 97-99. 
pl. 1-5. Je 1954. 

Linsdale, Jean M. Check list of ferns and seed plants of Frances Simes Hastings 
Natural History Reservation. Leafl. West. Bot. 7: 201-218. 28 F 1955. 
Sharp, A. J. Preliminary keys to the genera and species of Tennessee ferns. 

Jour. Tenn. Acad. 30: 85-89. Ap 1955. 
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SPERMATOPHYTES 
(See also under Pteridophytes: Linsdale ; under Morphology: Cheadle; Dahl) 

Abbe, Ernst C. Vascular plants of the Hamilton River area, Labrador. Contr. 
Gray Herb. 176: 1-44. 1 Ap 1955. 

Bacigalupe, Nelida Maria. Verificacién de la presencia del género Viburnum 
en la flora argentina. Darwiniana 10: 645-648. 10 N 1954. 

Baker, William H. Linaria dalmatica in Idaho. Leafl. West. Bot. 7: 256. 29 Ap 
1955. 

Baldwin, J. T. & Speese, Bernice M. Chromesomes of taxa of the Alismataceae 
in the range of Gray’s Manual. Am. Jour. Bot. 42: 406-411. 5 Ap 1955. 

Battaglia, Emilio. A system for the symbolic representation of karyotypes. 
Bull. Torrey Club 82: 163-167. 19 My 1955. 

Beetle, Alan A. The four subfamilies of the Gramineae. Bull. Torrey Club 82: 
196, 197. 19 My 1955. 

Biloni, José Santos. Aparente heterocarpia en Urvillea uniloba Radlkofer. 
Darwininana 10: 650-652. 10 N 1954. 

Burkhart, Arturo. Contribucién al estudio del género Adesmia (Leguminosae) 
II. Darwiniana 10: 465-546. pl. 1-8. 10 N 1954. 

Burkhart, Arturo & Troncoso, Nelida 8. La planta productora del ‘‘papel de 
arroz’’ de la China (Tetrapanax pyrifer), cultivada para adorno en San 
Isidro. Darwiniana 10: 648, 649. 10 N 1954. 

Cabrera, Angel Lulio. Senecios sudamericanos nuevos o ecriticos. Darwiniana 
10: 547-605. pl. 1-7. 10 N 1954. 

Camus, Aimée. Etude du genre ‘‘ Redfieldia,’’ Vasey, américain et malgache. 
Not. Syst. [ Paris] 15: 7-10. D 1954. 

Caplenor, Donald. An annotated list of the vascular plants of the gorges of the 
Fall Creek Falls State Park. Jour. Tenn. Acad. 30: 93-108. Ap 1955. 


Cherubini Carlos. Nimeros de cromosomas de algunas especies del género 
Prosopis (Leguminosae-Mimosoideae). Darwiniana 10: 637-643. 10 N 
1954. 


Crampton, Beecher. A new variety of Stipa Lemmoni [pubescens]. Leafl. 
West. Bot. 7: 220. 28 F 1955. 

Crampton, Beecher. Scribneria in California. Leafl. West. Bot. 7: 219, 220. 
28 F 1955. 

Creech, J. L. The genus Lycoris in the mid-Atlantic States. Nat. Hort. Mag. 
31: 167-173. Ap 1952. 

Cuatrecasas, José. Taxonomic notes on neotropical trees. Trop. Woods 101: 
10-28. 15 Ap 1955. 

De Wolf, Gordon P. A note on the name Calamintha. Rhodora 57: 73-77. 
28 Mr 1955. 

Dexter, Ralph W. Crooked oaks on Cape Cod and Martha’s Vineyard. Rhodora 
57: 132. 15 Ap 1955. 

Dugand Armando. Bignoniiceas nuevas o notables de Colombia. Caldasia 
731: 7-32, 3 My 1955. 

Dunn, David B. A new subspecies and new combinations in Lupinus. Leafl. 
West. Bot. 7: 254, 255. 29 Ap 1955. 

Eames, Arthur J. The seed and Gingko. Jour. Arnold. Arb. 36: 165-170. 
Ap-J1 1955. 

Edwin, Gabriel. A new species and new variety of Mimulus [washoensis; M. 
spissus var. lincolnensis| from Nevada. Leafl. West. Bot. 7: 221, 222. 
28 F 1955. 
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Epling, Carl. Harlanlewisia, a recently discovered genus of Labiatae. Am. Jour. 
Bot. 42: 436. 5 My 1955. 

Erskine, David. Northeastward range extensions for two species of Hypericum 
in Nova Scotia. Rhodora 57: 132. 15 Ap 1955. 

Fell, Egbert, et al. Check list of vascular plants of Boone County, Illinois. 
Trans. Ill. Acad. 47: 44-54. Ap 1955. 

Fosberg, F. R. Northern Marshall Islands Expedition, 1951-1952. Narrative. 
Atoll Res. Bull. 38: 1-36. Landbiota: vascular plants. 39: 1-22. 15 My 
1955. 

Gjaerevoll, Olav. Kobresieto-Dryadion in Alaska. Nytt Mag. Bot. 3: 51-54. 
S 1954. 

Goodman, George J. The genus Acanthogonum, tribe Eriogoneae. Leafl. West. 
Bot. 7: 234-236. 29 Ap 1955. 

Goodspeed, Thomas Harper. The genus Nicotiana. Origins, relationships and 
evolution of its species in the light of their distribution, morphology and 
eytogenics. Chron. Bot. 16: i—xzii, 1-536 illust. 1954. 

Gray, Netta A. A taxonomic revision of Podocarpus. IX. The South Pacific 
species of section Eupodocarpus, subsection F. Jour. Arnold Arb. 36: 
199-206. pl. 1. Ap—J1 1955. 

Hardin, James W. Studies in the Hippocastanaceae, I. Variation within the 
mature fruit of Aesculus. Rhodora 57: 37-42. pl. 1205. F [11 Mr] 1955. 

Hermann, F. J. Two new Carices from southern United States. Rhodora 57: 
156-158. My 1955. 

Hitchcock, C. Leo. The Otis manna-grass. Leafl. West. Bot. 7: 222-224. 28 
F 1955. 

Holmgren, Arthur H. Portulacaceae of Nevada. Contr. Flora Nevada 36: 1-18. 
4 My 1955. (U. S. Dep. Agr. Pl. Ind. Sta.) 

Howard, Richard A. The vegetation of Beata and Alta Vela Islands, Hispaniola. 
Jour. Arnold Arb. 36: 209-239. pl. 1-5. Ap-J1 1955. 

Howell, John Thomas. Eriogonum notes IV: A new species from California. 
Leafl. West. Bot. 7: 237, 238. 29 Ap 1955. 

Jaccoud, R. J. de Siqueira. Contribuicéo para o estudo das plantas medicinais 
no norte de Minas Gerais, Peda Azul—I. Sellowia 6: 173-180. 22 Je 1954. 

Kearney, Thomas H. Malvastrum, A. Gray—a re-definition of the genus. Leaf. 
West. Bot. 7: 238-241. 29 Ap 1955. 

Kearney, Thomas H. A tentative key to the North American species of Abutilon, 
Miller. Leafl. West. Bot. 7: 241-254. 29 Ap 1955. 

Krapovickas, Antonio. Estudio de las especies de Anurum, nueva seccién del 
género Urocarpidium Ulbr. (Malvaceae). Darwiniana 10: 606-636. pl. 
1-7. 11 N 1954. 

Langenheim, Jean H. Flora of the Crested Butte Quadrangle, Colorado. Ma 
drofo 13: 64-78. 29 Ap 1955. 

Leppik, E. E. Dichromena ciliata, a noteworthy entomophilous plant among 
Cyperaceae. Am. Jour. Bot, 42: 455-458. My 1955. 

Lewis, Harlan & Lewis, Margaret Ensign. The genus Clarkia. Univ. Calif. 
Publ. Bot 20: 241-392. 14 Ap 1955. 

Martinez Crovetto, R. Deux nouveaux genres de cucurbitacées de 1’ Amérique 
du Sud. Not. Syst. [Paris]15: 56-62. D 1954. 

Martinez Crovetto, R. Especies nuevas 0 criticas del género ‘‘ Apodanthera’’ 
(Cureubitaceae) [sic]. Not. Syst. [Paris] 15: 44-47. D 1954. 
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Martinez Crovetto, R. Sur une espéce du genre Echinocystis (Cucurbitaceae) 
qui doit changer de nom. Not. Syst. [Paris] 15: 56. D 1954. 

Martinez Crovetto, R. Synopsis des cucurbitacées de 1’Uruguay. Not. Syst. 
[Paris] 15: 47-55. D 1954. 

Moldenke, H. N. Materials toward a monograph of the genus Vitex: II. Phy- 
tologia 5: 186-224. Ap 1955. 

Monachino, Joseph V. Bergia in Cuba. Phytologia 5: 184-186. Ap 1955. 

Moore, H. E. Chrysothemis and Tussacia. Baileya 2: 86-88. 8 1954. 

Ochoa, C. Species of Solanum (Tuberarium) of South America. Present taxo- 


nomic status and species used in plant breeding with special reference to 
Peru. Phytopathology 45: 247-250. My 1955. 

Osvald, Hugo. The vegetation of Argyle heath in southern Nova Scotia. Nytt 
Mag. Bot. 3: 171-182. S 1954. 

Pabst, G. F. J. Contribuicgio para o conhecimento das orquideas de Santa 


Catarina e sua dispersio geogréfica—II. Sellowia 6: 181-197. 22 Je 1954. 
Palmer, Samuel C. Epifagus virginiana. Rhodora 57: 71, 72. F [11 Mr] 1955. 
Ponce de Leén, Antonio. Nociones de botanica sistemdtica LX. Divisién Sperma- 

tophyta. Revista Soe. Cub. Bot. 11: 102-111. O-D 1954. 

Ragonese, Arturo E. La vegetacién de la Reptblica Argentina. II. Estudio fito- 
sociolégico de las Salinas Grandes. Revista Invest. Agr. [Buenos Aires] 

5: 1-233. pl. 1-12. 1951. 

Rambo, B. Anidlise histérica da flora de Pérto Alegre. Sellowia 6: 9-112. 22 

Je 1954. 

Rambo, B. Histéria da flora do litoral riograndense. Sellowia 6: 113-172. 22 

Je 1954. 

Raven, Peter H. Eragrostis curvula spontaneous in California. Leafil. West. 

Bot. 7: 256. 29 Ap 1955. 

Raven, Peter H. A range extension for Allocarya Cusickii in California. Leafl. 

West. Bot. 7: 255. 29 Ap 1955. 

Reitz, P. Raulino. A vegetacio de Laguna. Sellowia 6: 243-258. 22 Je 1954. 
Reitz, P. Raulino. Plantas medicinais de Santa Catarina (continuacao). Sel- 

lowia 6: 259-300. 22 Je 1954. 

Romero Castafieda, Rafael. Apuntes botainicos—I. Caldasia 731: 47-50. 3 My 

1955. 

Rzedowski, J. Vegetacién del Pedregal de San Angel (Distrito Federal, Méx- 

ico). Anal. Ese. Nae. Ci. Biol. [Mexico] 8: 59-129. 18 D 1954. 
Schneider, Martin. Orquideas en los alrededores de Bogoté. Caldasia 731: 40-45. 

3 My 1955. 

Schultes, Richard Evans. A new generic concept in the Euphorbiaceae. Bot. 

Mus. Leafl. 17: 27-36. pl. 12-14. 27 My 1955. 

Schultes, Richard Evans. A new narcotic genus from the Amazon slope of the 

Colombian Andes. Bot. Mus. Leafl. 17: 1-11. pl. 1-3. 27 My 1955. 
Schultes, Richard Evans. A note on the genus Joannesia. Bot. Mus. Leafl. 

17: 25, 26. 27 My 1955. 

Schultes, Richard Evans. Pitch-yielding trees of the Colombian Amazon. Bot. 

Mus. Leafl. 17: 12-23. pl. 5-11. 27 My 1955. 

Schultes, R. E. Un nouveau tabac a piser de 1’Amazone du Nord-Ouest. Jour. 

Agr. Trop. Bot. Appl. 1: 298-311. JI-S 1954. 

Smith, A. C. Phanerogam genera with distributions terminating in Fiji. Jour. 

Arnold Arb. 36: 273-292. Ap-—J1 1955. 

Smith, Lyman B. Notes on Bromeliaceae, V. Phytologia 5: 177-183. Ap 1955. 
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Smith, Lyman B. Uma nova Buddleja do Rio Grande do Sul. Sellowia 6: 
301, 302. pl. 1. 22 Je 1954. 

Smith, Lyman B. & Schubert, Bernice G. Studies in the Begoniaceae, IV. 
Jour. Wash. Acad. 45: 110-114. Ap 1955. 

Stearn, William T. Tradescantia Blossfeldiana {S. & C. Am.]. Bot. Mag. 170: 
pl. 247. Ap 1955. 

Stehlé, H. Composées nouvelles ou rares des Antilles Frangaises (14e contribu- 
tion). Not. Syst. [Paris] 15: 62-77. D 1954. 

Steyermark, Julian A. Epipactis Helleborine in Illinois. Rhodora 57: 131. 
15 Ap 1955. 

Steyermark, Julian A. & Swink, Floyd A. Calycera balsamitaefolia in the 
United States. Rhodora 57: 72. F [11 Mr] 1955. 

Stokes, Susan G. & Stebbins, G. Ledyard. Chromosoma numbers in the genus 
Eriogonum. Leafl. West. Bot. 7: 228-233. 29 Ap 1955. 

Thomas, John H. A new combination in Fremontodendron | californicum subsp. 
crassifolium|. Leafl. West. Bot. 7: 224. 28 F 1955. 

Turrill, W. B. Cestrum elegans var. Smithii [Mexico]. Bot. Mag. 170: pl. 249. 
Ap 1955. 

Uribe-Uribe, Lorenzo. Aristoloquiiceas nuevas de Colombia. Caldasia 731: 
33-38. 3 My 1955. 

Voigt, John W. Southern Illinois flora: recent additions. Rhodora 57: 159, 
160. My 1955. 

Webster, Grady L. Studies of the Euphorbiaceae, Phyllanthoideae I. Taxonomic 
notes on the West Indies species of Phyllanthus. Contr. Gray Herb. 176: 
45-63. 1 Ap 1955. 

Wood, Carroll E. Evidence for the hybrid origin of Drosera anglica. Rhodora 
57: 105-130. 15 Ap 1955. 


ECOLOGY AND PLANT GEOGRAPHY 

Anderson, Lewis S. & Bourdeau, Philippe F. Water relations in two terrestrial 
mosses. Ecology 36: 206-212. Ap 1955. 

Buell, Murray F. New botanical problems in the New Jersey pine barrens. 
Bull. Torrey Club 82: 237-241. 19 My 1955. 

Daubenmire, R. Alpine timberlines in the Americas and their interpretations. 
Butler Univ. Bot. Stud. 11: 119-136. N 1954. 

Farnsworth, C. E. Observations of stem elongation in certain trees in the west- 
ern Adirondacks. Ecology 36: 285-292. Ap 1955. 

Hamilton, K. C. & Buchholtz, K. P. Effect of rhizomes of quackgrass (Agro- 
pyron repens) and shading on the seedling development of weedy species. 
Ecology 36: 304-308. Ap 1955. 

Hanson, Herbert C. Chararteristics of the Stipa comata—Bouteloua gracilis— 
Bouteloua curtipendula association in northern Colorado. Ecology 36: 
269-280. Ap 1955. 

Heusser, Calvin J. Pollen profiles from Prince William Sound and southeastern 
Kenai Peninsula, Alaska. Ecology 36: 185-202. Ap 1955. 

Horton, J. S. & Kraebel, C. J. Development of vegetation after fire in the 
Chamise chaparral of southern California. Ecology 36: 244-262. Ap 1955. 

Moul, Edwin T. & Buell, Murray F. Moss cover and rainfall interception in 
frequently burned sites in the New Jersey pine barrens. Bull. Torrey Club 
82: 155-162. 19 My 1955. 
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Osvald, Hugo. The vegetation of two raised bogs in northeastern Maine. Svensk 
Bot. Tids, 49: 110-118. 20 Ap 1955. 

Rice, E. L. & Penfound, Wm. T. An evaluation of the variable-radius and 
paired-tree methods in the blackjack-post oak forest. Ecology 36: 315-320. 
Ap 1955. 

Studhalter, R. A. Tree growth I. Some historical chapters. Bot. Rev. 21: 1-72. 
Ja—Mr 1955. 


PALEOBOTANY 

Baxter, Robert W. Palacostachya andrewsii, a new species of Calamitean cone 
from the American Carboniferous. Am. Jour. Bot. 42: 342-351. 5 Ap 1955. 

Guennel, G. K. An interesting megaspore species found in Indiana block coal. 
Butler Univ. Bot. Stud. 11: 169-177. N 1954. 

Potzger, J. E. Post-Algonquin and Post-Nipissing forest history of Isle Royale, 
Michigan. Butler Univ. Bot. Stud. 11: 199-208. N 1954. 

Scott, Richard A. & Barghoorn, Elso S. The occurrence of Euptelea in the 
Cenozoic of western North America. Jour. Arnold Arb. 36: 259-265. 
pl. 1-3. Ap-J1 1955. 

Shaub, B. M. Notes on the origin of some agates and their bearing on a styolite 
seam in petrified wood. Am. Jour. Sei. 253: 117-120. F 1955. 


MORPHOLOGY 
(including Anatomy and Cytology in part) 


(See also under Genetics: Cantino & Horenstein; under Plant Physiology: Bloom) 


Allen, Ethel K., Gregory, K. F. & Allen, O. H. Morphological development of 


nodules on Caragana arborescens Lam. Canad. Jour. Bot. 33: 139-148. 
Mr 1955. 

Allen, Paul H. Pollination in Gongora maculata. Am. Orchid Soe. Bull. 24: 
230-234. Ap 1955. 

Bobrov, Ruth Ann. The leaf structure of Poa annua with observations on its 
smog sensitivity in Los Angeles County. Am. Jour. Bot. 42: 467-474. 
My 1955. 

Brodie, Harold J. Springboard plant dispersal mechanisms operated by rain. 
Canad. Jour. Bot. 33: 156-167. Mr 1955. 

Canright, James E. The comparative morphology and relationships of the Mag- 
noliaceae—IV. Wood and nodal anatomy. Jour. Arnold Arb. 36: 120-140. 
pl. 1-3. Ap-J1 1955. 

Cheadle, Vernon I. The taxonomic use of specialization of vessels in the meta- 
xylem of Gramineae, Cyperaceae, Juneaceae, and Restionaceae. Jour. 
Arnold Arb, 36: 141-157. pl. 1. Ap-—J1l 1955. 

Dahl, A. Orville. The pollen morphology of several genera excluded from the 
family Icacinaceae. Jour. Arnold Arb. 36: 159-163. pl. 1. Ap-—J1 1955. 
Foster, Adriance 8. Comparative morphology of the foliar sclereids in Boronella 

Baill. Jour. Arnold Arb. 36: 189-198. pl. 1-5. Ap-—J1 1955. 

Gentry, Howard Scott. Apoximis in black pepper and jojoba? Jour. Hered. 
46: 8. Ja—-F |Mr] 1955. 

Greenridge, K. N. H. Observations on the movement of moisture in large woody 
stems. Canad. Jour. Bot. 33: 202-221. Mr 1955. 

La Rue, Carl D. & Narayanaswami, 8. The morphogenetic effects of various 
chemicals on the gemmae of Lunularia. Bull. Torrey Club 82: 198-217. 
19 My 1955. 
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Marsden, Margery P. F. & Steeves, Taylor A. On the primary vascular system 
and the nodal anatomy of Ephedra. Jour. Arnold Arb. 36: 241-258. 
pl. 1-3. Ap-J1 1955. 

Morrison, J. W. Fertilization and postfertilization development in wheat. 
Canad. Jour. Bot. 33: 168-176. Mr 1955. 

Narayanaswami, 8. The structure and development of the caryopsis in some 
Indian millets V. Eleusine coracana Gaertn, Pap. Mich. Acad. 401: 33-46. 
pl. 1-3. 1955. 

Schaechter, Moselio & De Lamater, Edward D. Mitosis of Chlamydomonas. 
Am. Jour. Bot. 42: 417-422. My 1955. 

Sen, J. & Basak, R. K. The nature of ancient wood. II. The structure and 
properties of well preserved tracheids and fibres. Bull. Torrey Club 82: 
183-195. 19 My 1955. 

Sinnott Edmund W. Stalk diameter as a factor in fruit size. Jour. Arnold 
Arb. 36: 267-272. Ap-—J1 1955. 

Sohns, Ernest R. Cenchrus and Pennisetum: faseicle morphology. Jour. Wash. 
Acad. 45: 135-143. My 1955. 

Sorokin, Helen P. Mitochondria and precipitates of A-type vacuoles in plant 
cells. Jour. Arnold Arb. 36: 293-304. pl. 1-3. Ap-J1 1955. 

Stokes, G. W. Seed development and failure in horseradish. Jour, Hered. 46: 
15-21. Ja-F [Mr] 1955. 

Titman, Paul W. & Wetmore, Ralph H. The growth of long and short shoots 
of Cercidiphyllum. Am Jour. Bot. 42: 364-372. 5 Ap 1955. 

Vermeulen, P. The rostellum of the Ophrydeae. Am. Orchid. Soc. Bull. 24: 
239-245. Ap 1955. 

Wehmeyer, Lewis E. The development of the ascocarp in Pseudoplea Gaeu- 
mannii. Mycologia 47: 163-176. 29 Ap 1955. 

Wetmore, Ralph H. & Sorokin, Sergei. On the differentiation of xylem. Jour. 
Arnold Arb. 36: 305-317. pl. 1-6. Ap-—J1 1955. 

Widra, Abraham & De Lamater, Edward D. The cytology of meiosis in Schizo- 
saccharomyces octosporus. Am. Jour. Bot. 42: 423-435. My 1955. 
Youngs, Robert L. The xylem anatomy of Orthopterygium (Julianaceae). 

Trop. Woods 101: 29-43. 15 Ap 1955. 


GENETICS 
(including cytogenetics) 
(See also under Spermatophytes: Ochoa) 

Barnett, F. L. A karyological survey of several Bromus species. Agron. Jour. 
47: 88-91. F 1955. 

Barton, D. W. et al. Rules for nomenclature in tomato genetics. Jour. Hered. 
46: 22-26. Ja-—F [Mr] 1955. 

Brewbaker, James L. Incompatibility in autotetraploid sweet clover. Genetics 
40: 137-152. 15 F 1955. 

Cantino, Edward C. & Horenstein, Evelyn A. Cytoplasmic exchange without 
gametic copulation in the water mold Blastocladiella emersoniit. Am, Nat. 
88: 143-154. My—Je [Au] 1954. 

Cram, W. Y. Self-compatibility of Caragana arborescens Lam. Canad. Jour. 
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